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THE TOXEMIAS OF PREGNANCY 


INTRODUCTION 

By the term ‘‘Toxemias of Pregnancy” is usually understood a 
group of disorders associated with gestation, which account for about 
26 per cent of the total maternal mortahty incident to child-birth. 
To correctly classify, determine the etiology of, and successfully treat 
these disorders, has been, and stiU is, one of the most important prob- 
lems in obstetrics Fortunately, the incidence of these disturbances 
IS relatively small, and pregnancy follows an uneventful course in the 
majority of cases Normal gestation is always accompanied by 
marked alterations in metabohsm, and because the toxemias of preg- 
nancy may be intimately associated with these metabolic changes, it is 
necessary that the latter be given due consideration before one dis- 
cusses the toxemias of pregnancy 

CHANGES DURING NORMAL PREGNANCY 

We are still in the dark as to the exact nature of the stimulus which 
gives nse to the very marked anatomical and physiological changes 
occurring in the mother during gestation From the investigations of 
of Kruieger and Offergeld it is fairly well established that the central 
nervous system has no influence on pregnancy and the only effect 
the sympathetic system may have is on the maternal circulation 
Goltz and Ewald have removed the entire lumbar cord in bitches 
without disturbing the progress or even the onset of pregnancy It is, 
therefore, quite probable that stimuli of a chemical nature are respon- 
sible for the changes attending normal pregnancy. One immediately 
th7nkt; of the coipus luteum Ash-Upmark reports the completion 
of a normal pregnancy 269 days after bilateral oophorectomy had 
been performed He furthermore collected several cases from the 
hterature where complete castration had been effected dunng the first 
month of gestation without interruption of the pregnancy. We are 
as yet unable to state whether or not any hormone or hormones arising 
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from the corpus luteum or ovary are essential to the onset of preg- 
nancy, although we are certam that in the human, at least, preg- 
nancy may proceed from the first few weeks to a successful completion 
without the aid that may come from the ovary 
It IS conceivable that the stimulus for the maternal changes may 
come from the foetus or from the placenta Starling suggested that 
such a stimulating hormone may be in the tissues of the foetus Hal- 
ban believes that a placental hormone is responsible for the enlarge- 
ment of the mammary gland Cova has made extended experimental 
studies of placental secretions and states that alcohohc extracts of the 
placenta wdl produce hypertrophy of the uterus, vagina and mam- 
mae, and that such endocrine glands as the ovaries, adrenals and thy- 
roid will undergo greater development as a result of the action of the 
mternal secretion of the placenta Guggisberg also regards the pla- 
centa as an organ of internal secretion Abderhalden thinks there are 
specific ferments depending upon the placenta 
The exact nature of this stimulus has not yet been determined, al- 
though the weight of the evidence indicates that it is a chemical sub- 
stance, probably a hormone, ansmg m the placenta or foetal tissues, 
which IS responsible for the anatomical and physiological changes in 
the maternal organism 

1 Weight 

As early as 1862, Gassner showed that there was a progressive in- 
crease in the weight of the mother greater than the increase in the 
weight of the foetus and the reproductive organs This is undoubtedly 
due to an increase in other parts of the mother’s body Davis, who 
studied ISO cases, found that the average gain during pregnancy was 
21 pounds and tlie average weight of babies, 6 pounds and 15 ounces 
Zangemeister showed that the pregnant woman reaches her greatest 
iseight the third day before the onset of labor, and that in the few days 
immediately preceding labor, there is a definite loss in weight His 
results were m part corroborated by Hirsch who found that the 
greatest weight was readied on the sixth day before labor, and that 
from tlie sixth to the fourth day preceding labor, the weight remained 
stationarj He also observed a decrease in weight unmediatelv pre- 
ceding labor Hirsdi regards the hypophysis, wluch becomes active 
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at the beginning of labor, as responsible for this decrease in weight 
Kemper on the other hand thinks that the loss of weight preceding 
labor and amounting to about 1 kgm can be explamed by an increase 
in excretory function of the mother as well as by a lessened food intake 
Hannah believes that the gam in weight in the mother is greater in the 
primipara than in multipara. 

Zangemeister has for a long time claimed that the loss of weight at 
the end of pregnancy is a sign of impending labor. Biehle, who has 
made a careful study of 40 selected healthy pregnant women, with- 
out any signs of toxemia, found such a decrease in weight in only 63 
per cent of his cases, and does not agree with Zangemeister that the 
weight of the patient at the end of pregnancy is an index as to whether 
or not pregnancy should be terminated 

We may conclude that the maternal orgamsm undergoes a pro- 
gressive increase in weight, until shortly before labor, that this in- 
crease in weight is far greater than the increase m weight accounted 
for by the product of conception and the growing uterus with its 
adnexa, and that immediately before labor there is a reduction in 
the weight of the mother, amounting to about 1 kgm , but that this 
reduction in weight is not always a satisfactory index of impending 
labor 


2. Blood volume 

It is the general opinion that the maternal blood volume increases 
steadily during pregnancy. Kaboth has estimated that the total 
increase in blood volume durmg gestation is about 400 cc Gueissaz 
and Wanner, by injecting glucose and noting the refractive index of the 
serum, observed an increase in blood volume amountmg to approxi- 
mately 15 per cent Miller, Keith, and Rowntree, using the vital 
red method, as well as Stander and Creadick, working with the carbon 
monoxide method on dogs, noted an increase in the maternal blood 
volume. Bohnen and Boriman by injecting congo-red intravenously 
found the average normal in healthy non-pregnant women to be 6 4 
per cent, in the first half of pregnancy 7 63 per cent and at the tenth 
month 7 0 per cent The dye methods measure the plasma, the carbon 
monoxide or cell method measures hemoglobm, consequently the 
total blood volume must be the sum of these two. Also the ratio of 
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plasma to cells is not constant, yet, beanng in mind these considera- 
tions the eiqienniental work to date indicates that in the latter half of 
pregnancy there is a definite increase in blood volume 
While considenng the blood volume it is advisable to know the 
behavior of the blood moisture Pregnancy seems to be associated 
with a dilution of the blood The specific gravity of the blood was 
investigated by Nasse, Lloyd-Jones, and Zangemeister, and these 
authors are agreed that a decrease in specific gravity takes place as 
pregnancy proceeds From these observations as well as from the 
work on the distribution of serum proteins by Plass and others, it 
IS fairly certain that pregnancy bnngs about an increased hydration 
of the blood Stander and T^ler state that during gestation the 
water content of the blood is usually between 77 and 82 per cent, 
the accepted normal limits Furthermore, when the blood moisture 
IS determined month by month dunng pregnancy, characteristic 
fluctuations become apparent It increases gradually, until the 
seventh month, and subsequently remains stationary, or slowly de- 
creases At the onset of labor it is approximately the same as at 
the beginning of pregnancy, and the act of labor has no constant 
influence upon the blood moisture Plasma presents the same type 
of variation as that shown by the whole blood Schmidt, Bickenbach 
and Jonen expenmentmg on dogs found the blood water content to 
increase dunng pregnancy Gestation is undoubtedly accompamed 
by an hydration of the blood and a true increase in blood volume, 
which IS perhaps assoaated with a decrease in red cell count and 
hemoglobin percentage 

3 Protein nielabohsm 

There are many investigations on protein metabolism dunng preg- 
nancy The pregnant woman undoubtedly absorbs protein as well 
as the non-pregnant, as shown by the observations of Hoffstrom in a 
pnmipara during the last months of pregnancy Pregnancy repre- 
sents a gam m nitrogen in the mother 

Expenments of Hoffstrom showed that there was a very definite 
positive nitrogen balance dunng the second half of pregnancj He 
carefully studied the nitrogen intake and output from the sixteenth 
w cek until the end of pregnancy, and found that the mother completed 
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the pregnancy with a net gain of 209 grams of nitrogen Wilson fol- 
lowed the nitrogen balance in three normal pregnancies, and came to 
the conclusion that in normal pregnant women, a storage of nitrogen 
begins at a very early period, and that the amount of nitrogen stored is 
greatly in excess of the actual needs of the developing ovum It is 
fairly well established from the work of these investigators, as well as 
of Mahnert, Bar, and Landsberg that there is a positive nitrogen 
balance durmg pregnancy and particularly during its second half 

Eufinger exammed the vanous protem fractions of the blood during 
pregnancy and found that they underwent a change or shifting His 
findings show a relative decrease in total proteins, and a progressive 
increase in fibnnogen, globulin and euglobuhn, but a marked decrease 
in albumin, and in 350 women during pregnancy there was a marked 
decrease in the stabihty of the plasma colloids, as tested by the Ger- 
loczy reaction 

Plass and his co-workers have also made a study of the different pro- 
tein fractions m the blood plasma of normal pregnant women These 
investigators found that beginning with the third month of gestation, 
there is a gradual diminution of plasma protein, and that this decrease 
reaches its maximum at the fifth month Durmg the last few months 
of pregnancy, the dilution tends to be less marked, and there is a fur- 
ther concentration at the time of labor They further observed that 
the relative plasma volume as measured by hematocrit readmgs, fol- 
lows inversely the plasma protein concentration, and therefore, they 
regard the decrease of the plasma protem as a result of true dilution 
Plass concludes that the plasma proteins tend to decrease during preg- 
nancy and the early part of the puerperium, that the serum albumin 
is decreased to such an extent that the drop m the total proteins can be 
explained by the concentration of this fraction, and that fibnnogen m- 
creases dunng pregnancy while the serum globulin shows only a slight 
relative increase, the absolute values remaining constant Kraul also 
demonstrated that the fibrmogen content of the blood increases dunng 
pregnancy, nses still more durmg labor, and slowly returns to its nor- 
mal level during the puerperium This author believes that increased 
fibrinogen plays some part m the production of thrombosis following 
dehvery. This increase m fibnnogen m the human being durmg gesta- 
tion IS further proven by the work of Muller and Dienst Schmidt, 
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Bickenbach and Jonen investigated the fibnnogen content of the 
blood in dogs, and found that pregnancy was associated with a very 
definite increase of fibrinogen content of both whole blood and plasma 

At present there is some controversy concerning the ammo acids of 
the blood durmg pregnancy The ammo acids are composed of very 
defimte fractions, which, according to Hellmuth, may be grouped as 
(1) alphatic mono-ammo-acids (glycocoll), (2) alphatic di-ammo- 
acids (lysm, arginin) , (3) aromatic and heterocyclic ammo-acids with 
and without primary ammo-N (histidin and prolm) Hellmuth is of 
the opinion that there is no marked change m any of these dunng 
pregnancy Schlossman is also convinced that pregnancy is not 
associated with a change m amino-acid content of the blood Runge 
and Juhl found that m normal pregnancy there was 32 mgm per cent 
of ammo acid m the blood, as compared with 27 3 mgm in normal non- 
pregnant women Frey, on the other hand, found a very marked 
increase m ammo acids durmg pregnancy From a careful study of all 
the results reported m the literature it seems safe to conclude that 
there is no marked change m the ammo acids durmg gestation 

Wehaveseenwhatprofoundalterationsin protein metabolism accom- 
pany gestation and it is thus reasonable to expect differences m the 
excretion of nitrogen m the maternal organism As early as 1894 
Zachrjewski shoued a decreased excretion of nitrogen m the urine 
dunng pregnancy According to the investigations of Hasselbach, the 
woman m the latter half of pregnancy excretes 9 2 grams nitrogen 
every day, whereas immediately after birth her daily output of nitro- 
gen rises to 11 4 mgm Mahnert, in an attempt to determine whether 
or not the increase m weight dunng pregnancy is due to a spanng of 
nitrogen, studied the total metabolism in pregnant women from the 
fourth to the tenth month He came to the conclusion that there w as a 
definite mcrease m the protein metabolism, and is of the opinion that 
the increase in body weight can be explained on this basis He 
furthermore believes that the terminal loss in w eight, discussed above, 
IS due to an increase in protein metabolism, although he was unable to 
determine the cause or causes of such an increase in protein metabolism 
immediately preceding labor 

Bock finds tliat the C N ratio is increased dunng pregnancy (C is 
the elementary organic carbon, and iV the nitrogen, in the urine) 
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This C:N ratio in the urine is supposed to be an index of the degree 
of oxidation of intermediary metabolism products An increased 
excretion of C denotes a decrease in the oxidative processes of the 
intermediate metabolism Bock concludes that in normal non- 
pregnant persons the ratio C : N is 0 85 (Bickel) , that in pregnancy this 
ratio increases to 1 13, and that this increase in C:N ratio is due to an 
increase in carbon as well as to a decrease in the mtrogen excretion 
Murhn studied the distribution of the mtrogen fractions of the urine 
in three cases of normal pregnancy. Both B ar and Murhn showed that 
there is a dimimshed excretion of urea in the urine during pregnancy 
and an alteration in the nitrogen distribution in the urine, because while 
the amount of urea excreted is diminished the quantity of ammonia or 
the so-called ‘‘a m monia coefficient” is increased Wilson showed that 
the amino acid nitrogen in the urine is increased, and Falk and Husky 
have demonstrated polypeptide nitrogen in the urine of pregnant 
women It is of mterest to note that creatine appears in the urine 
during the latter part of pregnancy, as first shown by Krause and 
Cramer and amply confirmed by later mvestigations 
After havmg studied the positive nitrogen balance during the latter 
half of gestation, the changes m the protein fractions of the blood and 
the altered nitrogen partition in the urine accompanying pregnancy, 
it IS essential that we inquire into the non-coagulable or non-protein 
nitrogen of the blood As the result of the findings of a large number 
of workers (Fohn, de Wesselow, Williams, Hellmuth, Plass, Stander, 
King and Denis, Harding, Allin and Van Wyck, Bunker and MundeU, 
and Jung), we are able to state that the non-protein mtrogen content 
of the blood durmg pregnancy is the same as, or very shghtly less than, 
in the normal non-pregnant woman, in the neighborhood of 30 mgm 
per 100 cc blood. Caldwell and Lyle found a slightly higher value in a 
senes of 150 analyses on pregnant women. 

In the normal non-pregnant woman the blood urea nitrogen forms 
approximately 50 per cent of the total non-protein mtrogen. Killian 
and Sherwm, Caldwell and Lyle, Wilhams, De Wesselow, Fohn and 
Stander have found a lowering of this ratio dunng pregnancy Dilu- 
tion of the blood, decreased production of urea and an increase in the 
undetermined or rest-nitrogen are among the theories which may 
explain this lowenng of urea-nitrogen to non-protein nitrogen ratio in 
the blood of the maternal organism 
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Normal pregnancy is not assoaated with any marked changes in 
creatinine, creatine or unc acid in the blood, although it must be 
admitted that our method for determmmg creaUne is still open to 
criticism 

4 Fat melabohsm 

Normal pregnancy is associated with a marked alteration in the con- 
centration of the blood hpoids During the latter part of pregnancy, 
fat, leathm and cholesterol show a marked increase Siemens and 
Stander found that at term there are approximately 900 mgm of fat 
per 100 cc of maternal blood, while the blood of the normal non-preg- 
nant woman contains about 600 cc of fat per 100 cc These authors 
regard the increase m fat, leathm, and cholesterol as a preliminary 
step in the preparation for lactation Tyler and Underhill have cor- 
roborated these findings and conclude that the total neutral fat of whole 
blood in pregnant women becomes higher than the non-pregnant values 
as early as the third month of pregnancy, and that there is a progressive 
increase from then till term They also found that cholesterol, 
cholesterol-esters and lecithin increase gradually until term, when each 
is roughly one-third higher than at the third month Hellmuth, Her- 
mann, Neumann and Lindemann and Chauffard-Gngaut come to the 
same conclusion, namely, that there is an increase in neutral fat as well 
as in hpoids dunng pregnancy 

5 Carbohydrate viclabolism 

It IS well known that pregnancy is often accompanied by a glyco- 
suria, although the amount of glucose in the blood may not be in- 
creased The work of Kampf, Bergsma, Bcnthm, Moms, Stander 
and Radelet, Hellmuth, and Novak and Bermann shows that the blood 
sugar during pregnancy is not elevated, and some of these authors even 
found values slightly below normal The so-called pregnancj gly- 
cosuria is probably due to a lowering of the renal threshold for glucose 
(NUrnberger, Gottschalk), or itmay be connected with excessive activ- 
ity of the pituitary gland, as suggested by Wallis and Bose After 
Schirokauer had examined the blood sugar in cases of pregnancy gly- 
cosuria, Grunthal experimented on many such patients and stated that 
tlie sugar tolerance figure in pregnancy is the same as m the normal 
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pregnant woman This author came to the conclusion that the preg- 
nancy glycosuria does not depend on the sugar level in the blood 
Durmg labor and often shortly before labor the sugar in the blood in- 
creases according to Walthard Many pregnant women when sub- 
jected to a blood sugar tolerance test show glycosuria and this fact 
has been utilized by Frank and Nothmann to furnish a test for the exist- 
ence of pregnancy Bokelmann and Rother have given an excellent 
review of this subject and have also themselves tried the sugar toler- 
ance test for pregnancy m 48 women They came to the conclusion that 
the test is not of great value and that more reliance could be placed 
upon a clinical examination of the patient 
In considering the carbohydrate metabolism it is well that we bear 
m mind its relation with fat metabolism It seems fairly well estab- 
lished that the usual relationship of carbohydrate to fat is disturbed 
during pregnancy Acetone bodies (di-acetic and B-oxybutyric acids) 
are regarded as the intermediate oxidation products of the fatty acids, 
and their excretion m the urine is greatly increased when carbohydrates 
are witheld from the diet. Vicarelh m 1893 noted the presence of 
acetone bodies in the urine of pregnant women A diet poor in carbo- 
hydrates (Forges and Novak, Hardmg) leads to an excretion of acetone 
bodies in the urine in a normal pregnant woman, while a non-pregnant 
woman on an identical diet will show no acetone in her urine Bokel- 
mann and Bock observed 39 48 mgm. acetone bodies per 100 cc blood 
in normal pregnancy as compared with 29 85 m the non-pregnant 
woman This increase in acetones in the blood they believe to be due 
to a deficient supply of carbohydrates, to an abnormal metabolism 
of carbohydrates or to a primary change in fat metabolism 

In addition to this increase of acetone bodies in the blood and the 
tendency towards acetonuna associated with pregnancy, there is 
also an increase in blood lactic acid, according to Bokelmann and 
Schultze Lactic acid arises from carbohydrate and is formed during 
the contractile phase of muscular contraction. Most of the lactic 
acid formed is resynthesized to glycogen Bokelmann believes that 
the lactic acid increase in pregnancy is a result of a slowing down in 
carbohydrate metabolism, a disturbance in oxidation of lactic acid to 
carbonic acid and water, or a retardation in the resynthesis of lactic 
acid to glycogen Kiehn, Zweifel, and Stander and Radelet were 
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unable to notice any marked changes in blood lactic acid dunng normal 
gestation 

6 Actd-base equilibrium 

The alveolar COj tension is lowered dunng pregnancy as first shown 
by Hasselbalch This lowering of the CO 2 tension probably manifests 
itself as early as the second month of gestation according to very 
painstakmg work of Hasselbalch and Gammeltoft These investi- 
gators found the alveolar CO* tension during the latter stages of 
pregnancy to be from 30 to 35 mm Hg, limits agreemg well with the 
observations of Rowe The COj combming power of the blood is also 
definitely decreased Losee and Van Slyke, Cook and Osman, Siemens, 
Emge, Standee, Williamson, Bokelmann, Schmidt and Wingen, and 
others have noted a marked drop in the COj-combining power of the 
blood as pregnancy approaches term Some authors beheve this 
so-called ‘'aadosisofpregnancy”to be dependent on the acetone bodies 
and lactic acid m the blood, as referred to above As we shall see later, 
pregnancy means a great carbohydrate dram for the mother and 
Sclimidt and Wingen beheve that this increased carbohydrate require- 
ment in pregnancy is met partly by fat being converted m the hver into 
glycogen, and that, during this transformation aad by-products may 
appear and these use up some of the alkali reserve of the blood This 
loners the capacity of the blood for combining with COj, resulting in a 
lonercd alveolar COs tension 

This acidosis of pregnancy is probably a compensated one Hassel- 
balch and Gammeltoft e\amincd the hydrogen-ion concentration of 
the serum and found it to be slightly changed at the end of pregnancy 
Bock gives the pH for normal people as 7 52, in the early months of 
gestation as 7 51 and at the end of pregnancy 7 47 After labor the 
pH returns to its normal value of 7 52 This author concludes that it 
IS onlj, during the last weeks of pregnancy that the actual reaction of 
the blood IS changed, and that this slight cliange is brought about by 
the buffer capacity of the blood We may conclude tliat pregnanc> is 
associated mth a relative acidosis, but that anj change in tlie acutal 
reaction of the blood must be very slight 
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7. Basal metabolism 

There is httle doubt that pregnancy is associated with an increase 
of the total metabolism of the mother Magnus-Levy noted that 
the oxygen absorption in the eighth month of pregnancy was 17 per 
cent higher than at the third month In the normal woman at term 
the basal metabolic rate is about 4 per cent higher than m the normal 
non-pregnant woman in complete sexual rest (Zuntz, Hasselbalch, 
Carpenter and Murhn). These authors found that the heat produc- 
tion per unit of weight for the puerperal woman was 11 per cent higher 
than for the normal non-pregnant, and 7 per cent higher than for the 
same woman at term. 

In 1921 Baer reported the basal metabolic rate m 44 normal preg- 
nancies He observed that during the latter part of pregnancy, this 
rate averaged more than 30 per cent above the normal non-pregnant 
woman Two years later Cornell investigated the basal metabolism in 
84 pregnant women He also found an increase in the basal rate This 
increase m basal metabohsm durmg pregnancy has been confirmed by 
Sandiford-Wheeler, Root-Root, Rowe, Alcott, Waldemier, and Stander 
and Peckham, The increased basal rate is probably dependent upon 
the growing product of conception, as well as upon an increased ac- 
tivity of the thyroid gland Pregnancy probably does not result in 
any marked alterations m the energy exchange, beyond that produced 
by the growth of the foetus 

8 Mineral exchange 

According to the work of Camerer and Soldner on the ash of the 
human foetus, there is a preponderance of calcium and phosphorus 
in the foetus, and these two substances are present in higher concen- 
tration m the foetal than in the maternal blood according to v Oett- 
inger There must be a considerable drain on the mother as far as 
these two elements are concerned According to the last author there 
IS 10 2 mgm per cent of calcium m the normal non-pregnant woman, 
whereas the figure for normal pregnancy is 9 8 per cent His figures 
for inorgamc phosphorus are 3 6 mgm for non-pregnant individuals, 
and 3 3 for normal pregnancy A slight decrease in calcium in the 
maternal blood has also been noted by Bock, Plass and Bogert, Ivanyi, 
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Rodecurt, Lmzenmeier, Dibobes, Kvater, Schonig, Krebs and Briggs, 
Hetenyi, Liebmann, and Stander, Duncan and Sisson A few authors 
(Serdjukoff, Morosova and others) observed no change m the calaum 
content of the blood dunng pregnancy, but the weight of evidence 
pomts to a slight lowering of tlie blood calcium, as the woman ap- 
proaches term The inorganic phosphorus is probably not much 
altered during gestation De Wesselow and v Oettinger noted a 
slight decrease, while Rodecurt observed a slight increase, and Bock 
and Stander could find no difference between the non-pregnant and 
pregnant values for inorgamc phosphorus 

There is very slight difference in sodium in the pregnant and non- 
pregnant, V Oettinger giving an average figure of 329 4 mgm per cent 
for the non-pregnant woman Harding, in his review on the metabo- 
lism of pregnancy, collected figures from vanous authors and believes 
that these show that sodium decreases shghtly in concentration m the 
serum while there is an increase in the corpuscles, and that this also 
holds true for calcium and chlorine Stander and his co-workers could 
find no marked change in sodium during pregnancy The values for 
potassium and magnesium are also about the same for pregnant as for 
non-pregnant women 

The foetus must derive its iron from the maternal organism, end 
it gets a large part from the mother’s hemoglobin The foetus legukes 
iron for building its own hemoglobin and for its niirlen-pm ip.-^ In 
the adult, nucleo-protein is probably the best source for iron reerfrea 
in the manufacture of hemoglobin, and it is possible that the xMlns 
may get part of its iron from a food nudco-protein or an c'ganizsd 
nucleo-protein in the mother’s blood Williams feels aarinred teat 
the foetus takes up iron directly by means of the from 

degenerated maternal red blood cells Chamn belTerss chat tbs 
rcsen'c iron of the mother is stored in the spleen and h rsdrrsi durmg 
gestation It is interesting to know that much more xrznh stored m 
the liver of the young rabbit at birth, than m an aedt rahhu. This 
IS probably true for the human foetus as well 


P Hormorts 

The thyroid gland undoubtedl> undagos^ 
nancy, becoming more vascular and shcr*^-; 


serge dming preg- 
mts iypsrttopby. 
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DevIs, in a study of 520 women, found visible signs of thyroid h)7per- 
trophy in 41 per cent during early pregnancy The enlargement is a 
true hyperplasia The sigmficance of hypertrophy of the thyroid 
gland is not yet clear. Halsted found that in pregnant dogs from 
which the thyroid gland was removed, the puppies showed a tremen- 
dous enlargement of the thyroid, indicating that there was a compen- 
satory hypertrophy because of the lacking secretion in the mother 
Seitz states that there is also an increase in colloids of the thyroid 
The para-thyroid gland likewise undergoes a marked change during 
pregnancy The chromophile cells multiply in number and are 
better outhned, from which one may deduce that their function is 
increased during pregnancy We know that the para-thyroids are 
intimately associated with calcium metabolism and it is possible that 
the changes noted above in calcium are dependent upon the changes 
in the para-thyroid We are unable to say whether the pancreas 
undergoes any morphological changes during gestation, although there 
is very little doubt that the carbohydrate metabolism is altered The 
ovaries present differences during pregnancy. The corpus luteum of 
pregnancy is a well known entity, but, as stated earlier in this paper, 
pregnancy can proceed to a successful completion, even after the 
removal of both ovaries as early as the first month of pregnancy. On 
the other hand, the most charactenstic change in the ovanes of preg- 
nant women consists in atresia of the follicles, which is characterized 
by development up to certain stage without rupture, but with such 
hyperplasia of the connective tissue cells of the inner layer of the theca, 
as to suggest that they must have some internal secretory activity. 
These changes are so pronounced that any one famihar with the histol- 
ogy of the ovaries can readily differentiate between those denved 
from pregnant and those from non-pregnant women There is httle 
doubt that the adrenals present a marked hypertrophy of the cortex 
during gestation Whether this means an increase in adrenalin in the 
body is not known Some authors have tried to link up the change in 
carbohydrate metabolism with increased production of adrenahn 
In 1904 Lauhois and Mulin showed that pregnancy was always asso- 
ciated with a hypertrophy of the hypophysis It is the anterior lobe 
of this gland which undergoes regular hypertrophy, but the signifi- 
cance of this IS far from clear The posterior lobe of the gland does not 
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hypertrophy, although it is well established that it is this part of the 
pituitary which is connected with the stunulating effect on the uterine 
contractions The placenta is regarded by many as an important 
organ of internal secretion De Lee states that placental hormones 
stimulate the development of the uterus and probably activate the 
thyroid, para-thyroid, pituitary and adrenal gland Some writers 
are of the opinion that the placenta when fully developed takes over 
the functions of the ovary and corpus luteum 

10 Neiiro-jascular system 

According to Freund SO per cent of all pregnant women show derma- 
tographism, and according to Hmsebnann and Nevermann and others, 
60 per cent of all pregnant women show capillary spasm It would 
therefore appear that pregnancy is associated with changes m the 
sympathetic, and para-s}mipathetic systems There are also certain 
blood diseases peculiar to pregnancy Chlorosis, which was formerly 
so common among young girls, is said by some authors to develop 
dunng pregnancy The total number of blood cells is decreased, 
although dunng the latter part of pregnancy there is a definite 
increase in the blood corpuscles We are also acquainted with a 
pregnancy anemia which simulates pernicious anemia, but instead of 
terminating fatally it often eventuates in spontaneous recovery after 
the completion of the puerperium This is supposed to be due to the 
destructive action exerted upon the maternal red cells by the choriomc 
epithelium Pregnancy hemolysis, pregnancy hemoglobinemia and 
pregnancy hemoglobinuria also occur Most authors beheve tins 
hemorrhagic diathesis to be due probably to a change m the endothe- 
lial covering of the capillary vessels The white blood cells usually 
show a leucocytosis dunng normal gestation The skin is often af- 
fected by gravidity The pigmentation of the nipples and areola is 
IS very common Cloasma, or pigmentation of the face, occurs less 
frequently 

11 Heart output 

As early as 1827 Larcher stated that pregnancy was alnays accom- 
panied by a marked cardiac hypertrophy Dreysel found that the 
heart of a pregnant n Oman in% anably iv eighed more than that of a 
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normal non-pregnant individual It has often been stated that true 
hypertrophy of the heart occurring during pregnancy, is caused by the 
placental circulation, compression of the aorta by the uterus, or by 
the increased circulation in and around the uterus It has also been 
suggested that an increase in the output of the heart is caused by 
the increased peripheral resistance brought about by some vaso- 
constrictor substance circulatmg in the blood stream Lockhead and 
Cramer examined extract of the placenta, and found that this con- 
tamed no vaso-constrictor substance There is no, or only a slight, 
increase in the blood pressure during normal pregnancy. Siemens 
and Goldsborough however, demonstrated a considerable increase in 
pulse pressure which was especially marked during the later months of 
pregnancy. Jaschke came to similar conclusions The “cardiac 
output” measured directly in the dog, by Stander, Duncan and Sisson, 
revealed that during pregnancy the minute volume is markedly 
increased, being one-third to one-half greater than in the non-pregnant 
animal. Whether this increased output is the result of hypertrophy 
of the heart or not, has not yet been determined, but it seems probable 
that it is at least in part accomplished by drawing upon the reserve 
force of the heart Frey, however, is convinced that actual cardiac 
hypertrophy does occur during normal gestation 

CLASSIFICATION OE THE TOXEMIAS OF PREGNANCY 

We have seen what profoimd anatomic and metabolic changes 
take place in the maternal orgamsm during normal gestation Many 
of these alterations become more marked in the presence of a toxemia, 
and it has been the object of numerous chnical and experimental 
investigations by a vast number of workers to determine whether and, 
if so, m what manner, these vanous departures from the normal may 
be specifically linked up with the etiology and course of the different 
toxemic disorders. There has been one universal drawback in aU this 
work, which is particularly evident when one attempts to correlate 
the ultunate findings of different mvestigators This drawback has 
been, and still is, the lack of a. uniform method of classifying the 
various tj^es of toxemia of pregnancy. Different clinics are wont to 
use different classifications, a practice which has only served to con- 
fuse those who attempt to compare the work and results of these 
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different clinics It is, of course, apparent that the real cause of such 
discordance is our profound ignorance concerning the etiology of 
the disorders which we are endeavoring to classify and study As 
Kellogg of Boston very aptly puts it, “The conquest of the toxemia of 
pregnancy depends pnmanly on a universal acceptance in this country 
of some index, of some classification, some cooperative mode of study 
in every great obstetric center,” and he very wisely suggests that a 
committee of representatives of the obstetrical societies meet with a 
view to establishing a working index or classification, tentative at 
first and changeable at each yearly meeting 
The main difficulty anses when an attempt is made to classify the 
so-called “pre-eclamptic” and “nephritic” toxemias which may com- 
plicate pregnancy Vomiting of pregnancy, acute yellow atrophy of 
the liver, and eclampsia are well defined entities and usually recogniz- 
able All agree that nephritis may complicate pregnancy, but it is 
sometimes rather difficult to recogmze and classify the various types 
of kidney lesions during pregnancy and to make a differential diagnosis 
between the nephritic and pre-edamptic toxemias Indeed, it is often 

unpossiblo to know with which condition we are dealing until the 
patient has reached the end of the puerpenum, or has come to autopsy 
Williams in the last edition of his text-book classified tlie toxemias 
of pregnancy as follows (a) pernicious vomiting (6) acute yellow 
atrophy of the liver (c) nephritic toxemia (e) eclampsia and (/) presum- 
able toxemias DeLee groups them as follows hypcremesis, ptya- 
hsm, gingivitis, eclampsia and allied conditions, kidney of pregnancy 
and acute yellow atrophy of the liver Under eclampsia and allied 
conditions he discusses eclampsia, eclampsia reflectorica, acute tox- 
emia (eclampsia without convulsions) and nephntic eclampsia 
Zangemeister in his recent book gives the following classification — 
hyperemesis, h> drops, nephropathia and eclampsia In the present 
discussion, the author is not considering such complications as 
chorea, skin affections, anemia, hemophilia, neuritis or psychoses 
There is a mild type of toxemia manifesting itself usually in the 
eighth or ninth month of prcgnancx , and consisting of a slight elevation 
of blood pressure, a slight amount of albumin in the unne and mode- 
rate swelling of the ankles As soon as the patient has been delivered 
the symptoms disappear completely, and in a subsequent pregnancj' 
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the condition may recur or may be absent. Kellogg speaks of this 
as recurrent toxemia of pregnancy, and states that such a recurrence 
should be considered as a chrome entity distinct from the common 
kidney disease compheatmg pregnancy Moreover, he is of the opin- 
ion that it may be subdivided into two groups (1) in which under the 
strictest possible prenatal care the prognosis for both mother and 
child is good and (2) m which the prognosis for the child is bad, no 
matter what the prenatal care may be Von Geldern studied the 
subsequent history of 27 women with toxemia of pregnancy, and found 
that 13 of them had one or more normal pregnancies following the 
toxemia, while 14 had a recurrence He states that in cases of “recur- 
rent toxemia” without peimanent damage to the kidney, the progno- 
sis IS difficult Standee and Peckham (1926) made a study of the 
toxemias in repeated pregnancies in the same individual and came 
to the conclusion that there is a group, which they designate as low 
reserve kidney, in which it is impossible to demonstrate any signs, 
symptoms or laboratory findings suggesting nephritis It seems to 
the author that many of the “recurrent toxemias” belong in this cate- 
gory, as well as the simple “albiuninuna of pregnancy ” 

Mussey has attempted to group the nephropathies of pregnancy, 
and has directed our attention to the classification of Volhard and 
Fahr, which is as follows 

A Pyehtis and pyelonephritis 
B Hypertension and nephritis 

1. Acute nephritis 

a Acute glomerulonephntis 
b Acute nephrosis 

2 Chrome nephritis 

a Chronic diffuse glomerulonephritis, 
b Chrome nephrosis 

3 Sclerosis (vascular lesion) 

a Bemgn hypertension 
b Mahgnant hypertension. 

!Mussey and Keith believe that the classification of nephritis during 
pregnancy into acute and chrome aids m estabhshing the prognosis 
Patients with acute nephritis very rarely give a history of previous 
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kidney trouble They state tliat in the acute type of nephntis, the 
presence of albumin m the urine, and the sudden rise m blood pressure 
with increased oedema, usually occur dunng the 8th or 9th month of 
gravidity, and that a kidney function test shows satisfactory excre- 
tion, with a unne of high speafic gravity On the other hand, pa- 
tients with chronic nephntis often give a history of previous kidney 
trouble, and the h 5 ^ertension, oedema and albuminuria make their 
appearance early in pregnancy, usually before the seventh month In 
the latter, tests for renal function show poor excretion, with the 
specific gravity of the unne either fixed or low These authors believe 
that It IS possible to differentiate between the vanous types of nephri- 
tis dunng pregnancy The subdivision of parachymatous nephntis 
mto acute glomerulonephritis and acute nephrosis is of quite recent 
origin In acute glomerulonephntis there is albuminuna, oedema, 
hypertension and hematuna, the unne output is lowered and there may 
be eye ground changes In acute nephrosis, on the other hand, the 
blood pressure is essentially normal, there is marked oedema, alburm- 
nuna and lowered output of unne, but no nitrogenous retention m the 
blood nor any eye changes 

Mussey divides the toxemias of the later months of pregnancy into 
three groups (1) acute toxemias of the eclamptic type, (2) toxemias 
due to exacerbations of chronic nephntis, and (3) toxemias due to 
definite renal infection (focal nephntis and pyelonephritis) He 
further subdivides the acute toxemias of the eclamptic type into (a) 
those in which there is unquestionably pathologic evidence of disease 
of the liver and (b) those in which the symptoms of renal involvement 
predominate 

Von Jaschke regards the “kidney of pregnancy,” first descnbed by 
Leyden, as a non-mflammatory process He advocates that all affec- 
tions of the kidney, wluch are of a degenerative nature but not inflam- 
matorj , should be designated as “nephrosis,” in which there is degen- 
eration of tlie tubules, but no demonstrable changes in the glomeruh 
or \ essels He also adheres to Volhard’s classification of the nephro- 
pitlues into focal nephntis (infection), true nephrosis, sclerosis, and 
diffuse glomerulonephntis In the nephrosis of pregnancy’ the 
excretion of water is delayed according to Von Jaschke, altliough the 
urine concentration tests show no impairment This means tliat 
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there is a disturbance in water secretion outside of the kidney, and is 
due to inability of the water to reach the kidney, because of an abnor- 
mal permeability of the vessels He also thinks that a toxin, which 
acts on the endothelium of the vessel walls, causes epithelial degener- 
ation which results in the increased permeability. 

Both Von Jaschke and Volhard are of the opinion that m addition 
to this degenerative process, with oedema but without hypertension, 
known as nephrosis, there also occurs a form which is hable to lead to 
eclampsia, and which presents the picture of typical diffuse glomeru- 
lonephritis In the latter type of kidney disease there is hypertension 
and marked oedema Baer thinks that the ‘^‘kidney of pregnancy” 
occupies a place between nephritis and nephrosis and that the initial 
changes probably occur in the renal-vascular system This author 
used functional tests in order to differentiate between the various 
types of renal disease One of them consists in determhung the 
changes m the specific gravity in a series of two hourly specimens of 
urme, with the object of ascertammg the functional activity of the 
tubular system Another test is aimed at evaluation of the func- 
tional activity of the glomerular system In a normal person an extra 
litre of water taken at any one time, will be excreted in less than four 
hours, while in nephntis there is definite delay m excretion. Baer 
concludes that nephrosis and nephntis are separate entities, involving 
different portions of the kidney tissue, and that it is possible by means 
of the two tests just mentioned, aided by capillaroscopy, urinalysis and 
blood pressure readings to differentiate between nephrosis and nephri- 
tis complicating pregnancy, and he believes that the prognosis is better 
in the former than in the latter 

Heynemann also chfferentiates between nephrosis and nephritis 
during pregnancy', and states that the histology of the eclamptic 
kidney is that of nephrosis (degeneration of tubules and glomeruli) 
and not a nephritis or an inflammatory process He thmks that the 
nephrosis of pregnancy is really a glomerulonephrosis, and that healing 
in such conditions is quick and complete, and that such patients may 
go through subsequent pregnancies without further trouble This 
author regards it a simple matter to differentiate between eclampsia 
and uremia complicatmg pregnancy, although there are no sure differ- 
ential signs A marked increase in blood pressure, the appearance of 
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erythrocytes in the unne and an albuminuric retinitis appearing in the 
second half of pregnancy are mdicative of nephritis, and should the 
same signs appear in the first months of pregnancy, the condition 
must be considered as chronic nephntis 

At the present tune, while our knowledge of nephntis comphcating 
pregnancy is still quite meagre, it appears to the author that the use 
of the term “nephrosis,” m classifymg the toxemias of pregnancy, 
serves no useful purpose By it is understood a mild degenerative 
tubular process, and it seems doubtful whether we are as yet able to 
diagnosticate a “nephrosis” durmg pregnancy In our estimation, 
the term merely serves to cloak our ignorance and to obscure stiU 
further our knowledge 

In this paper the followmg classification wdl be used 

1 Vomiting of pregnancy 

2 Low reserve kidney 

3 Nephntis comphcatmg pregnancy 

4 Pre-eclampsia 

5 Eclampsia 

6 Acute yellow atrophy of the liver 

Low reserve kidney is probably identical with “kidney of preg- 
nancy,” with certain types of “recurrent pregnancy toxemia,” with 
the simple “albuminuria of pregnancy” as well as with certam of the 
nephroses” of pregnancy The author is of the opmion that it is 
frequently impossible, espcaally when the patients’ previous history 
IS unknoivn, to differentiate between the vanous types of kidney 
diseases dunng the course of pregnancy, such as the acute and chronic 
nephntidcs and nephroses, and he is fully aware that the above classi- 
fication, whicli he has suggested and will follow m all subsequent dis- 
cussions, IS tentative and perhaps madequate, awaiting the discovery 
of the etiology of certain of these toxemias of pregnancy This classifi- 
cation has been followed at the Johns Hopkms Hospital for the past 
three years and has proved fairly satisfactory, as less than five per 
cent of the patients suflermg from a toxemia of pregnancy were placed 
m an “unclassified” group 
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I Vomiting of pregnancy 

Vomiting 'occurs m approximately 50 per cent of all pregnancies, 
appearing at about the fifth or sixth week and lasting from six weeks 
to two months Fortimately, in the majority of cases the vomiting is 
slight and we may speak of it as “morning sickness ” According to 
Pick, vomiting of pregnancy may proceed to the permcious stage in 
about one in every 1000 pregnancies Williams is of the opmion that 
pernicious vomitmg occurs more frequently, and that it is encoimtered 
once in 700 pregnancies among women of the upper classes m this 
country It seems to be the general opimon that pernicious vomitmg 
of pregnancy is more prevalent in the United States and France than m 
Germany and England. 

It is generally stated that Soranus, in the latter part of the first 
century, was the first to describe the disease, but it was not until 
the nineteenth century that its importance was fully appreciated 
In 1879 Matthews Duncan pointed out that pernicious vomiting 
is sometimes associated with definite hver lesions, and Williams, 
Ewing and Stone have directed attention to what they consider 
a characteristic type of liver lesion in severe cases of pernicious 
vomiting Necrosis takes place in the central portion of the 
liver lobule, quite contrary to the usual findings in eclampsia 
Instead of hepatic necrosis, marked fatty degeneration of the 
liver lobules may make its appearance It is questionable if we 
are justified in speaking of a typical hver lesion of vonuting, 
because m the cases, that have been studied in the post mortem room, 
there have been superimposed the effects of marked starvation and 
dehydration, which m themselves produce t}q)ical histological changes 
Because of the nature of the disease, we shall undoubted!}’- have to 
resort to animal experimentation to formulate a true concept of the 
pathological findings associated with vomiting of pregnancy 

It has been the custom to regard vomiting of pregnancy as of three 
separate and distinct types, (1) reflex vomitmg (2) neurotic vomitmg 
and (3) toxemic vonuting Williams states that the neurotic is the 
most, and the reflex the least frequent type, and that toxemic is the 
most serious Not all writers agree with this classification, some 
beheving that vomitmg of pregnancy is alwa3-s due to neurosis, wMe 
others hold to a toxemic basis in every instance After a discussion 
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of the work on the etiology of the disease, we shall return to the ques- 
tion of classification 

Etiology There have been numerous theories concemmg the etiol- 
ogy of vomiting of pregnancy Tweedy believes that absorption of 
food particles durmg the early stages of their digestion is responsible 
for hyperemesis and that in early pregnancy a foreign element appears 
in the blood, and the normal food anti-bodies are thereby interfered 
with Tweedy considers the vomiting of early pregnancy as Nature’s 
effort to reject food incapable of proper neutralization Siegert, on 
the other hand, believes in hunger as the cause of vomiting 
Levy-Solal attempted to discover whether women, suffenng from 
vomiting of pregnancy, are sensitive to placental extract, and found 
that in the placenta of a vomiting patient there is an antigen which is 
reactivated by human serum and which produces shock in guinea pigs, 
this antigen is not present m young normal placentae, and at the end 
of pregnancy the placenta is also without such an antigen He came 
to the conclusion that ivomen with vomitmg of pregnancy are sensitive 
to placental extract, and that after abortion they remain sensitive two 
to three days After the fourth month of pregnancy these patients 
are no longer sensitive to such an extract On the assumption that a 
toxin produced by the foetus or placenta is the cause of vomitmg of 
pregnancy. Mack suggested the use of serum from normal cases of 
advanced pregnancy m the treatment of these patients, believing that 
the normal cases must have become immune to these toxins 
Hirst argues that every woman during her menstnial life is con- 
stantly absorbing corpus luteum substance, but tliat uith the onset of 
pregnancy this absorption ceases The corpus luteum of pregnancy 
increases in size until it reaches its maxunum m the third month of 
gestation, and from this time on it is gradually absorbed He calls 
attention to the fact that the vomiting of pregnancy disappears at 
about the time that the corpus luteum begins to decrease m size, and 
suggests that this is not a mere coincidence but that the corpus luteum 
plays an important part m relation to vomiting With this idea in 
mind he has developed a treatment for vomiting of pregnancy winch 
consists in admimstenng corpus luteum extract 
Some authors believe that the neurotic element plays an important 
part in hjTicrcmcsis Both Scliwab and L>'ncli are of the opinion 
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that most cases of the vomiting of pregnancy can be explained on the 
basis of an underlying neurosis Brmdeau is also a firm adherent of 
the hysteria theory for the etiology of vomitmg 

Hemnchsdorffj as a result of his studies in a large series of cases, 
regards h 3 'peremesis as a typical disease of the first half of pregnancy 
in which it is often impossible to determine any organic disease In 
many cases death may ensue and a post mortem reveal nothing posi- 
tive This author feels that hyperemesis is not derived from an intoxi- 
cation, but that it becomes transformed into such Kotz finds an 
over irritability of the vagus an underlying factor in most cases of 
vomiting, while Seitz thinks that it is due to reflex, psychic and toxic 
vagal-stimulation, and that the vagal changes may be caused by dis- 
turbances of inner secretion 

Ferru is of the opinion that hepatic msufficiency in severe cases of 
vomiting of pregnancy is not the pathological cause, nor is it of great 
prognostic value, as is usually beheved It is the consequence and not 
the cause of vomiting according to this author Sella regards insu£&- 
cient ovarian activity as the cause, while Silvestri, Rebaudi, Sergent 
and Rathey think that in insufficient adrenal and poly-grandular 
activity one may discover the cause of vomitmg of pregnancy 

In 1919 Hardmg and Duncan advanced the theory of glycogen defi- 
ciency in the hver of the mother as the cause of vonuting of pregnancy. 
They came to this conclusion because most patients suffering from 
vomiting of pregnancy showed ketonuria, and because these patients 
improved on a diet nch in carbohydrates Since the appearance of the 
paper of these two authors a great deal has been written about carbo- 
h 3 ’’drate deficiency m vomitmg of pregnancy. Titus believes that the 
carbohydrate deficiency theory is the chief underlying factor in the 
causation of the vomiting of pregnancy as well as that of the other 
toxemias 

Adair states that vomiting of pregnancy conforms to no particular 
type and is not dependent on the taking of food and very often food 
is not vomited He further calls our attention to the spongy bleedmg 
gums, salivation, peculiar odor of the breath, epigastric distress, 
hematemesis and constipation, that may accompany the vomiting 

From a general consideration of these various theories concerning 
the etiology of vomiting of pregnancy, it seems most likely that a 
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metabolic disturbance, and in particular, perhaps, an upset in the 
carbohydrate metabolism which in turn leads to incomplete oxidation 
of fatty aads, plays a rSle m tlie different manifestations of this tox- 
emia of the early half of gestation These metabohc disturbances 
will be more fully discussed after we have considered the cliemical 
changes accompanying this disease Failure on the part of the mother 
to destroy foetal tissue that bad entered the maternal circulation 
may be a further factor 

Urine and Hood In vomiting of pregnancy, the analysis of the 
urine does not show any marked disturbances of the mtrogen parti- 
tion, except m very severe cases when we notice an mcrease in the 
ammonia coefTicient Williams was the first to observe this change 
in the nitrogen partition, and for a time regarded all patients suffenng 
from vomitmg of pregnancy with an ammonia coefficient of 10 or 
over as severely sick Underhill and others, however, have shown 
that a high ammonia coefficient may be the result of simple star- 
vation, and Wdhams endorses this view Drennan and Hicks believe 
that there arc two types of vomiting of pregnancy , the neurotic and the 
toxic, in the neurotic type of hyperemesis there is no increase in the 
ammonia coefficient in the urine, while a marked increase always ac- 
companies the toxic type 

In a very careful study of the metabolic changes in vomiting of 
pregnancy, Dieckmann and Crossen could find no marked disturbances 
m the urinary components, except for a decrease m the chlondes 
Accordmg to Stander, Duncan and Moses the excretion rate of urea is 
within normal limits Cleisz and Laudat came to a similar conclusion 
We may therefore conclude that analysis of the unne in vomiting of 
pregnancy has revealed no outstandmg differences from the normal, 
except a high ammoma coeffiaent, which is probably the result of 
starvation 

Examination of the blood components has given us more specific 
information According to Standee, the non protem nitrogen and 
unc aad are usually increased in severe ca^es of vomiting of pregnancy 
Harchng and his couorkers, as well as Haden and Guffey, found in 
addition to an increase in non protein nitrogen and unc aad, an 
increase in urea These authors also reported low values for sodium 
clilonde Harding regards the decreased chlorides as indicative of 
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dehydration Dieckmann and Crossen report normal or occasional 
increased non-protem nitrogen and urea nitrogen and increased uric 
acid in the blood Killian and Sherwm found increased non-protein 
mtrogen but decreased urea nitrogen in pernicious vomitmg The 
mcreased uric acid noted in their cases of vomiting of pregnancy they 
ascribe to an impairment of renal function, Plass and his coworkers 
have studied the partition of the nitrogenous products m the blood 
stream m the different forms of pregnancy, both normal and abnormal, 
but could find no significant changes m the protein fractions in vomit- 
ing of pregnancy 

Runge and Juhl report mcreased amino acids in vomiting of preg- 
nancy In normal non-pregnant women they found 27 3 mgm per 
cent, in normal pregnant women 32 mgm per cent and in cases of 
vomiting of pregnancy from 45 to 76 mgm per cent Increased lactic 
acid in the blood has also been observed by Loeser 

The blood sugar in vomiting of pregnancy has received a great deal 
of attention Dieckmann and Crossen, in their very careful study of a 
large number of cases, reported that the blood sugar is within normal 
limits Most authors have found this to be the case Titus, on the 
other hand, believes that there is a hypoglycemia m vormting of preg- 
nancy, and he goes so far as to assume that this hypoglycerma is as- 
sociated with the etiology of the disease In this clinic we have been 
unable to substantiate Titus’ findings and observe normal blood sugar 
values m vomiting of pregnancy The sugar tolerance test has been 
used to determine the existence of any disturbance in the carbohy- 
drate metabohsm during pregnancy Kermauner is of the opmion 
that m severe cases of vomiting there is a disturbance m carbohy- 
drate metabohsm, which is manifested by an abnormal sugar tolerance 

Bokelmann and Bock noted a marked increase in “acetone bodies” 
in 22 cases of vomitmg of pregnancy They divided their cases into 
three groups (1) physiologic vomiting, m which the amount of ace- 
tone bodies m the blood is below 80 mgm per 100 cc of blood, (2) 
emesis gravidarum, m which there is more than 100 mgm of acetone 
bodies per 100 cc of blood, and (3) hj^eremesis gravidarum, in which 
the concentration of acetone bodies m the blood is over 150 mgm per 
100 cc They further believe that when the acetone bodies m theblood 
is 200 mgm per 100 cc of blood, we are dealing with a mahgnant form 
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of the disease According to these authors, the increase m acetone 
bodies IS due to an actual shortage in carbohydrates, a defiaent 
metabolism of carbohydrates and a change m the fat metabolism 
VomiUng of pregnancy leads to imdernutntion and this in turn 
to decomposition of body substances Rubner has shown that on 
mamtenance diet there is only about 7 per cent more energy used 
than in hunger With longer starvation, and after the carbohydrates 
have been eAausted, the fats and proteins of the body axe called upon 
to furnish the required energy In relative starvation the energy 
consumed probably follows the same principle as in actual starvation, 
protem being spared to the very last While the protem is bemg 
spared, the fat is used up, and as a result of this mcreased burning of 
fat, the fat content of the blood mcreases and acetone bodies appear 
m the unne Small amounts of glucose given m starving animals 
are enough to start a great amount of acetone bodies m the unne, 
and consequently an acetonuna follows more as a consequence of 
carbohydrate deficiency than as a result of inamtion 

Ketosis, or an mcreased production of acetone bodies, may be in- 
duced m a normal mdmdual by the mgestion of a salt-free or a carbo- 
hydrate-free diet The complete omdation of fatty acids depends on 
an ample supply of carbohydrates or antiketogenic substances The 
Letogenic-antiketogenic ratio has not been carefully studied m vomit- 
mg of pregnancy, and it is probable that such an investigation may 
reveal a ratio exceeding the normal limits 

The acid-base equilibrium seems to be undisturbed in vomitmg 
of pregnancy Dieckmann and Crossen found even in severe cases 
of pernicious vomiting the hydrogen-ion concentration as well as 
the CO. combinmg power (compensated alkah deficit) to be essentially 
normal Hardmg and Stander also report normal values for the 
plasma COj-combining power 

The most outstanding chemical changes, therefore, accompanying 
severe vomiting of pregnancy are a high ammonia coefficient m the 
unne, slightly increased non-protein nitrogen, decreased blood^chlo- 
ndes, and increased unc, ammo, and lactic aads, with a marked accum- 
ulation of acetone bodies in the blood stream Dehj dration, starva- 
tion and mcomplele oxidation of fatty acids following a high keto- 
gcnic-antiketogemc ratio, undoubtedly play the important rdle m the 
production of these chemical diangcs 
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Treatment As an outcome of the theory of Hirst that the corpus 
luteum plays an important part in relation to vomitmg of pregnancy, 
extract of corpus luteum has been extensively used m the treatment of 
this disease Hirst has reported a large number of cases successfully 
treated with this extract Quigley reported 17 cases so treated, of 
these 12 were permanently cured, 4 improved and 1 not benefited 
Coffey reports unsatisfactory results with dry extracts of corpus 
luteum, whereas good results followed the use of hypodermic injections 
of corpus luteum solutions 

Cary has employed the desiccated placenta in treating vomiting of 
pregnancy He reports 13 cases with satisfactory results mil This 
author agrees that, if vomiting of pregnancy is due to a lowered immun- 
ity to the syncytium, as seems probable by the work of Acconi, the 
desiccated placenta may stimulate by acting as an antigen, and if the 
proteol)d;ic ferment is lower, the desiccated placenta may increase 
the ferment content of the blood He also believes that the placenta 
may be a gland of internal secretion, and so may activate the thyroid 
and adrenals and thereby hasten the oxidation of partially spht prod- 
ucts of protem which may be thrown into the blood stream 

According to Garnett, pernicious vomiting is probably a develop- 
ment of physiological vomitmg of pregnancy, due to failure of the 
patient to produce a hormone antagonistic to the toxemia He 
believes that the vomiting is caused by a poison and that the only sat- 
isfactory treatment so far developed consists m transfusion from post 
partum patients This treatment has been used by others but with 
unsatisfactory results 

Pougert reports 4 cases suffenng from pernicious vomitmg and 
treated with their own blood Corpus luteum and adrenalin were of 
no avail and after the patents had become very senously ill, they 
received 20 cc of their own blood mixed with 2 cc of sodium citrate, 
and improvement followed 

Lynch is of the opmion that the formation of the nervous habit of 
vomiting accoimts for the majonty of cases of vomitmg of pregnancy. 
He therefore tries to break this habit and treat the underlying cause of 
h3^eracidity by medication and diet The patient is put to bed, all 
food and drink by mouth is stopped imtil there has been no vomitmg 
for twenty-four hours The bowels are kept open, the patient is 
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given large doses of bromide as wdl as glucose and soda by rectum 
Fruits and sweets are entirely contraindicated for many days and 
until the diet has been extended to include vegetables Lynch be- 
heves that his results justify this treatment In a personal commum- 
cation to the author, Brmdeau of Pans wntes “In the early toxemias 
(uncontrollable vomitmg) I believe there is always a psychiatnc basis 
I always treat them by isolation and I no longer practice abortion ” 
Oldfield places his patients suffenng from vomiting on an ordmary 
diet This author is also of the opinion that all cases of vomiting of 
pregnancy are due to a neurosis and treates his patients accordingly 
X-ray treatments have also been tried in hyperemesis without 
convincmg results Fraenkel, however, is impressed by the success 
of x-ray therapy and reports 4 cases successsfuUy treated by x-ray 
apphcation to the stomach LuiUiart proposed the use of luminal, 
statmg that this drug always allays nausea and vomitmg, and advised 
that It be administered hypodermically In his hands this drug has 
proved successful in hyperemesis gravidarum, when intravenous corpus 
luteum and glucose and duodenal feedmg had failed Sieger starves 
his patients for three days and then gives them calaum with Pmger 
or normal saline solution together with bromides for the nervous sys- 
tem 

Duodenal feeding has been one of the recent methods of treatment 
Haddock believes that the pnnciple indication for the use of the duo- 
denal tube IS the loss of weight due to starvation or dehydration of the 
tissues Schaick, on the other hand, thinks that the administration of 
water is the most important medication and that by supplying large 
amounts of water which is rapidly absorbed in the inteshnes, the 
patient usually gets well 

Davis reports a large senes of patients suffermg from vomiting of 
pregnancy treated quite successfully His treatment m part is as 
follows 

A careful history w ill usuallj te\ eal any previous gastromtcsUnal dis- 
turbance, or oUier phj’sical conditions which might make the patient more 
sensitii e to the disturbed metabolism of pregnancy The physical examina- 
tion wall reveal any source of local imtation or mfeebon Dram the pus 
pockets or remove infected tonsils if necessary Dental work must not be 
neglected dunng pregnancy Try to correct a uterine displacement 
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Treat acute cervicitis when present Any of these may increase the 
nausea and vomiting, but are regarded as predisposmg rather than causative 
factors 

“Cases approaching the permcious stage require a special nurse and should 
be in a hospital If seen early before marked dehydration and severe 
acidosis develops, stop all food and hquid by mouth and give 2 to 5 per cent 
glucose solution per rectum Two hundred and fifty cubic centuneters of 
the glucose solution contaimng from 30 to 60 grams each of sodium bromide 
and sodium bicarbonate may be given as a retention enema every four or six 
hours As the nervousness is controlled reduce the bromide to 30 grains 
After twenty-four or thirty-six hours the patient may be allowed very s tnah 
amounts of flmd and later sohd food by mouth 

“Severe cases seen after marked dehydration is present should have 800 to 
1000 cc of N/NaCl under the breasts If possible, should have an 18 or 
20 per cent glucose solution in tnple distilled water intravenously ” 

Since the work of Duncan and Hardmg in 1919 on the effect of high 
carbohydrate feeding in vomiting of pregnancy, there has developed a 
wide spread mterest in the use of carbohydrates m the treatment of 
this disease Thalheimer advocates the use of insuhn in the treatment 
of vomiting of pregnancy He first used insulin in combating the 
aadosis following operations and then extended its use to the treat- 
ment of pernicious vomitmg He has reported some excellent results 
with the use of insuhn Following the work of this author, insuhn has 
been extensively used in combatmg this toxemia It is customary to 
give a protective dose of glucose with the msulm It seems that this 
combined therapy of insuhn and glucose relieves the ketonuna and 
acidosis, which usually accompanies vomitmg Thalheuner argues that 
there is a vicious cycle of acidosis causing vomiting and that the starva- 
tion following the vomiting causes further acidosis of a starvation type 
He thinkg that insulin breaks this cycle by enabling the body to 
oxidize the glucose, which in turn causes the bummg of the products 
of incomplete fat metabohsm, such as acetone, diacetic acid and 
B-oxy-butync acid. Insulin and glucose have been used in many 
clinics and very satisfactory results have been reported Titus, on 
the other hand, is of the opinion that glucose alone gives better results 
than msulin and glucose, and there has been quite a controversy m 
the hterature as to the relative ments of these two methods of treat- 
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ment Bokelmann agrees with Titus that insulin is a dangerous drug 
to be used in the toxemias of pregnancy 

Other German authors, however, such as Loeser, strongly advocate 
the use of insulin and glucose 

Vogt states that in vomiting and m eclampsia, as m hunger, there 
IS glycogen starvation with increase m acetone bodies, a result of lack 
of carbohydrates or an abnormal metabohsm of carbohydrates 
The disturbance of carbohydrate metabolism is associated with a 
disturbance in protein metabohsm, which shows an mcrease in ketone 
bodies and unc aad He consequently uses msuhn and glucose m 
the treatment of vomitmg of pregnancy, behevmg that insulin alone 
IS dangerous 

Mussey advocates a diet high m carbohydrates and a high fluid 
mtake, with sufficient sedatives to raise the threshold of nervous 
imtabihty In patients who show a low gastric aadity, he advocates 
the use of dilute hydrochloric aid, and in severe cases of vomitmg 
intravenous mjections of dextrose solution, together with insulin 
Falkins IS of the opmion that all women sufEenng from vomiting of 
pregnancy are undemounshed and that it is possible to prevent 
vomitmg m most cases by dietary measures He consequently 
advocates increased carbohydrate nutrition 
The author has seen most of the methods enumerated above tned, 
and IS convmced that there are a few cases w hich do not respond to any 
of these methods of treatment There is undoubtedly a toxeimc 
basis for vomiting of pregnancy, although the neurotic element should 
not be overlooked From a dinical study and the chemical findings 
m the unne and blood, as well as from experunental work on animals, 
it seems to the author that all cases of vomitmg of pregnancy are 
based on an underljmg toxemia In some women this toxemia may 
be so obscured b> a predominating neurosis that one is almost entitled 
to make a diagnosis of neurotic vomiting There is such a profound 
change m the metabolism during the early months of pregnancy that 
one might expect a certain percentage of patients to respond abnorm- 
ally to this changed metabolism AVe know that the foetus must get 
its food supplj , and particularly its carbohydrates and protein, from 
the mother From the work on the respiratory quotient of the foetus 
by Murlin, Standee and otliers, it is fairly well established that the 
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foetus utilizes maiiily the carbohydrates for its energy requirements 
This undoubtedly means a dram on the maternal carbohydrates, as is 
shown by the work of Bokehnann and his coworkers The marked 
accumulation of acetone bodies must mean a profoimd disturbance of 
carbohydrate and fat metabohsm There can be little doubt that the 
changed metabohsm accompan5dng pregnancy, which may so easily 
become perverted, as shown by the tendency towards acetonuria m 
pregnant women (Novak and Forges and others), is the underlying 
cause of all cases of vomiting of pregnancy Apparently we do not 
know the starting pomt of this changed metabohsm, but it seems 
rational that in the treatment we should endeavor to restore the 
patient to a normal metabohsm So far the best therapy to this end 
seems to be the use of insulin and glucose When the vomitmg has 
persisted to the extent of dehydration, and it is apparent that the 
tissues are urgently m need of water, one must undoubtedly immedi- 
ately administer water, either in the form of saline or glucose solution 
intravenously, or by infusion, or by rectum 
When called to see a patient suffermg from vomitmg of pregnancy 
it IS essential first to determine the seventy of the disease, and whether 
starvation and dehydration have entered into the picture If we are 
dealing with the results of starvation or dehydration or both, our 
therapy should be to mtroduce nutrition and water If the disease 
has not developed to this final stage, it is advisable to determine how 
much, if any, neurotic element is mvolved and to treat the patient 
accordingly It is of course essential that a careful clinical examma- 
tion of the patient be carried out, in order to determine the presence 
or absence of such gynecological conditions as retroversion of the 
uterus, which, when present, should receive attention Often the 
correction of such conditions leads to improvement 
As far as treating the actual vomitmg of pregnancy is concerned, 
the author is of the opimon that the use of glucose or glucose and insu- 
hn, where mdicated, and the administration of small but frequent 
meals, gives fairly satisfactory results It is often advisable to starve 
the patient for twenty-four hours before instituting the therapy, and 
it is always necessary to enforce strict isolation However, we must 
remember that m a small percentage of cases all therapy may be of no 
avail and a therapeutic abortion is inevitable It must be pointed 
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out that we cannot lay too much stress on the value of com- 
plete isolation of the patient, especially from all relatives, and of 
suggestion 

II Low reserve kidney 

Though the term "low reserve kidney” may be madequate and 
inaccurate, nevertheless, it descnbes a certam group of pregnancy 
toxemia cases perhaps as well as any other appellation so far suggested 
In this group are incorporated many cases of “albuminuria of preg- 
nancy ” Albuminuna accompames most of the toxemias of the latter 
half of pregnancy and it therefore appears both illogical and confusmg 
to attempt to designate any one type of toxemia as “albuminuric ” 
It IS analogous to speaking of a “hypertensive” type of toxemia smee 
the majonty of women suffenng from the vanous late toxemias of 
pregnancy have an elevated blood pressure The term “albuminuna” 
should be reserved to denote a laboratory finding and no more If this 
rule be followed in the future, it will not be such an unpossible task, 
as It now is, correctly to interpret the meaning of the many authors 
using this word 

There is more justification for the use of the designation “recurrent 
toxemia ” The only objection to it is that it does not tell us whether 
the process is benign or will become progressively worse with subse- 
quent pregnancies Either condition may be recurrent, but it is a 
matter of great importance for the physiaan to know whether the 
patient is suffering from a mild and benign toxemia or from a kidney 
condition which, if treated inadequately, may prove fatal in the near 
future Furthermore, even edampsia may be “recurrent ” For 
these reasons the use of the term “recurrent toxemia” may be some- 
what confusing to some of us 

Nephrosis as seen m the non-pregnant individuals, is a fairly definite 
entity and usually signifies a degenerative change in the tubules of the 
kidney Musscy and Keith divide the acute nephritis occunng during 
pregnancy into acute glomerulonephritis and acute nephrosis, and 
state that while the former is assoaated with hypertension, oedema, 
oliguria and albuminuna, the latter differs from it m the absence of 
hypertension and changes in the fundi, and usually in the absence of 
ciythrocjtes in theunneandin the presence of oedema Fromaclmical 
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and laboratory study, involving fairly complete urine and blood analy- 
ses, as well as kidney function and urea-excretion tests, of all toxemic 
patients in the Woman’s Clinic of Johns Hopkins Hospital during the 
past six years, it appears to the author that we are not yet m a position 
to differentiate between acute glomerulonephritis and acute nephrosis 
occurring during pregnancy It is for this reason, as stated earlier in 
this paper, that, in classifying kidney lesions associated with preg- 
nancy, we beheve the word “nephrosis” should be reserved until more 
is known about the behavior of the kidney during gestation 

This brings us to the term “low reserve kidney ” It was only 
by studymg repeated pregnanaes occurrmg m the same individual 
that Stander and Peckham were able to differentiate the low reserve 
kidney from the other t)^es of toxemias This is the mildest form of 
late toxenua of pregnancy and usually manifests itself during the last 
two months of gravidity These authors give the following as charac- 
teristic criteria 

“1. An elevated blood pressure, which at the end of the puerperium has 
dropped to a normal level In most instances this elevation is not very 
marked, rarely exceeding 150 systohc and 90 diastohc 

2 The amount of albumm in the urme is never very great, varying before 
dehvery between a fraction of a gram and 2 grams per hter, although the 
lower figures are most usually observed The albumm disappears during 
the pueiperium, and the patient leaves the service either with no albumm 
at aU, or with at the most 0 1 gram per liter 

3 The outstandmg charactenstic is the fact that m subsequent preg- 
nanaes, the patient’s condition does not become aggravated, and she is as 
well as, or better than, she was in the preceding pregnancy Each of our 
14 cases clearly demonstrates this point 

4 The blood chemistry as well as the urinary analysis reveals nothmg 
abnormal 

That the number of pregnancies through which the individual may go 
plays any rdle in the development of this entity is very doubtful, for the 
reason that we observe it in pnmipara as well as m all degrees of multi- 
panty Moreover, this type of kidney does not seem to be permanently 
mjured by pregnancy As the woman approaches term a certain amount 
of alb umin may pass through the glomerular membrane, the blood pressure 
become elevated, and some edema develop With regard to the latter 
point it is interesting to note that in subsequent pregnancies there may be 
either no edema or at the most a shghter degree than before 
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It IS well known that in a healthy person, under normal condiuons, all 
of the glomeruli are not functiomng at capaaty at any one time, and it has 
been estimated that there is usually a margin of safety which approaches 
SO per cent In other words, there is a decided kidney reserve which may be 
called mto play It therefore, seems resonable to suppose that in certain 
individuals such kidney reserve may be greatly decreased, due either to 
congenital causes or to factors which may have lessened the number of 
functioning glomerub without produang a chrome nephritis As we shall 
see in another group of cases, the strain of pregnancy always aggravates 
a chronic nephntis, so that later the kidneys are less well prepared to stand 
the strain of subsequent pregnancies In the type of kidney under con- 
sideration this IS not the case All we can say is that the kidney reserve 
seems to be too low to meet the extra demands of pregnancy, as is manifested 
by the passage of a certain amount of albumm through the glomerular 
epithelium and by a moderate elevation of blood pressure, and that these 
manifestations usually disappear completely withm two weeks after de- 
livery Furthermore, the ludney substance does not seem to have been 
injured by the pregnancy and the kidney reserve is certainly not lower in 
subsequent pregnanaes Such kidneys appear to be quite capable of 
functioning adequately while tlie woman is not pregnant, as well as for her 
and her fetus until about the eighth month of ptcgnanc>, when manifesta- 
tions of the low reserve kidney begin to make their appearance 

In addition to the 8 cases in our original paper, w e have been able to find 
SIX more patients, who, durmg the penod studied, had had a pregnancy with 
the typical signs and symptoms of a low reserve kidney, followed sub- 
sequently by a normal pregnancy Such observations may be regarded as 
indisputable evidence that the occurrence of a mild toxemia in a given 
pregnancy is not necessanly followed by trouble in a subsequent one, and 
would accordingly indicate that the kidnej’s had not been permanently 
damaged ” 

The autlior proposes that this type of toxemia of the latter half of 
gestation be classed in our obstetneal clmics as “low reserve kidney” 
or as "recurrent toxemia,” limiting the latter term strictly to the type 
of cases desenbed in the preceding paragraphs For the sake of uni- 
formity this group will be referred to as low reserve kidney throughout 
all subsequent discussions in this paper 

inadence In this dime m 253 women suffering from pregnancy 
toxemia during the y cars 1926 and 1927, low reserve kidney constituted 
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35 per cent of the total number Likewise, a study of the histones of 
all toxemic patients treated in this Department since 1897 gave further 
evidence that from one fourth to one third of them suffered from this 
mild t 3 rpe of toxemia Formerly a considerable proportion of patients 
with low reserve kidney were grouped as pre-eclamptic, and a smaller 
proportion as nephritic From a study of the past history, blood pres- 
sure, urine-albumin, presence or absence of oedema, urine and blood 
chemistry, eye grounds, symptomatology and the duration of preg- 
nancy, it IS usually possible to make a correct differential diagnosis 
between low reserve kidney, chronic nephritis complicating pregnancy, 
and pre-eclampsia. This differential diagnosis will be disussed in 
detail after these other two types of toxemia have been considered 

Each year approximately 3 per cent of our toxemic patients fall into_ 
an unclassified group because the data at the time of discharge from 
the ward are insufficient for purposes of classification In low reserve 
kidney the elevation of blood pressure and the albuminuria usually 
disappear completely two weeks after delivery, but in a very small 
fraction of cases it requires four to six weeks before the blood pressure 
becomes quite normal and the urine albumin-free 

As it is apparent that the outstanding manifestations of this toxemia 
are a slight elevation of blood pressure and a mild albuminuna it is 
advisable that we review some of the work on hypertension and albumi- 
nuria m pregnancy. 

Eypertension and albuminnria. A shght elevation of blood pressure 
appears m a small proportion of all normal pregnancies Irvmg stud- 
ied the systolic blood pressure in 5000 consecutive cases of pregnancy, 
at the Boston Lying-In Hospital, and found that in 80 per cent the 
systolic blood pressure ranges between 100 and 130, and m 9 per cent 
falls below 100 In 11 per cent of his cases the blood pressure was 
130 or over. This author believes that age, nationality and parity 
have an influence on the blood pressure, and that in the young person a 
high blood pressure is more frequently a sign of toxemia than in women 
over thirty years of age His figures also show that an elevated blood 
pressure is more frequently an index of toxemia than is albummuna, 
and is also an earlier sign. 

Furthermore, the degree of elevation of blood pressure is of more 
significance than the amount of albumin in the urine, although both 
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are of great importance Schulze states that the normal range of blood 
pressure during pregnancy is between 100 and 130 and that a systohc 
blood pressure of 150 or over should be regarded as an index of toxemia 
Donaldson studied the blood pressure in normal and abnormal 
pregnancy and came to the conclusion that during normal pregnancy 
there is no increase m blood pressure, nor does any fall m blood 
pressure occur immediately after labor In cases of albummuria 
comphcatmg pregnancy, the most startlmg feature is the high systohc 
blood pressure 

Williamson states that hypertension may exist throughout preg- 
nancy with no apparent sign of kidney disease He believes that this 
type of hypertension is probably of vascular ongin, caused by some 
toxic substance acting on the arterial wall According to this author 
the prognosis m these cases is grave Corwm and HemcL made a 
study of 165 cases of subacute or hypertensive type of toxemia of 
pregnancy, and found that 74 per cent showed cardiac hypertrophy, 
sclerosis of the bradual or radial arteries, vascular eye changes, or 
persistent elevated blood pressure after a period of from six months 
to SIX years post partum, and of these over one third showed persistent 
hypertension Their mvestigations furthermore proved that in sub- 
sequent pregnancies the majority of women suffering from this type of 
toxemia will again exhibit hypertension, and they advise that such 
women should be observed over a senes of years for evidence of car- 
diovascular disease 

Kyhn m an extensive review of the question of hypertension divides 
all cases into two groups To the first group belong acute diseases, 
such as glomeruloncphntis, essential hypertension and artenosclerosis, 
and to the second group the chronic conditions, such as contracted 
kidney Hussey has reviewed all the disturbances, wluch may be 
associated with normal pregnancj', and believes that there are toxic 
substances of the amine type which may act upon the walls of the 
blood vessels, and that these substances have their origm m the 
placenta and perhaps also m such glands as the pituitarjf Volhard 
has also descnbeil similar substances as sensitizing the vessel walls, 
making them particularly sensitive to pressor bodies Hussey believes 
tliat these amines have a widespread action and that oedema is 
generally due to damage to the capillary walls resulting from the 
activ ity of these amines 
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35 per cent of the total number Likewise, a study of the histories of 
all toxemic patients treated in this Department since 1897 gave further 
evidence that from one fourth to one third of them suffered from this 
mild type of toxemia. Formerly a considerable proportion of patients 
with low reserve kidney were grouped as pre-edamptic, and a smaller 
proportion as nephritic From a study of the past history, blood pres- 
sure, unne-albumm, presence or absence of oedema, urme and blood 
chemistry, eye grounds, symptomatology and the duration of preg- 
nancy, it is usually possible to make a correct differential diagnosis 
between low reserve kidney, chronic nephritis complicating pregnancy, 
and pre-eclampsia This differential diagnosis will be disussed m 
detail after these other two types of toxemia have been considered 

Each year approximately 3 per cent of our toxemic patients fall into_ 
an unclassified group because the data at the time of discharge from 
the ward are insufficient for purposes of classification. In low reserve 
kidney the elevation of blood pressure and the albummuria usually 
disappear completely two weeks after delivery, but m a very small 
fraction of cases it requires four to six weeks before the blood pressure 
becomes quite normal and the urine albumm-free 

As it is apparent that the outstandmg manifestations of this toxemia 
are a slight elevation of blood pressure and a mild albuminuria it is 
advisable that we review some of the work on hypertension and albumi- 
nuria in pregnancy 

Hypertension and albuminuria A slight elevation of blood pressure 
appears in a small proportion of all normal pregnancies Irvmg stud- 
ied the systolic blood pressure in 5000 consecutive cases of pregnancy, 
at the Boston Lying-In Hospital, and found that m 80 per cent the 
systolic blood pressure ranges between 100 and 130, and in 9 per cent 
falls below 100 In 11 per cent of his cases the blood pressure was 
130 or over This author beheves that age, nationality and parity 
have an influence on the blood pressure, and that in the yoimg person a 
high blood pressure is more frequently a sign of toxemia than m women 
over thirty years of age His figures also show that an elevated blood 
pressure is more frequently an index of toxemia than is albuminuria, 
and IS also an earlier sign 

Furthermore, the degree of elevation of blood pressure is of more 
significance than the amount of albumin in the urine, although both 
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are of great importance Schulze states that the normal range of blood 
pressure dunng pregnancy is between 100 and 130 and that a systohc 
blood pressure of 150 or over should be regarded as an index of toxemia 
Donaldson studied the blood pressure m normal and abnormal 
pregnancy and came to the conclusion that during normal pregnancy 
there is no increase m blood pressure, nor does any fall in blood 
pressure occur immediately after labor In cases of albummuria 
complicatmg pregnancy, the most startling feature is the high systohc 
blood pressure 

Williamson states that hypertension may exist throughout preg- 
nancy with no apparent sign of kidney disease He believes that this 
type of hypertension is probably of vascular ongin, caused by some 
toxic substance acting on the arterial wall According to this author 
the prognosis in these cases is grave Corwm and Hemck made a 
study of 165 cases of subacute or hypertensive type of toxemia of 
pregnancy, and found that 74 per cent showed cardiac hypertrophy, 
sclerosis of the brachial or radial artenes, vascular eye changes, or 
persistent elevated blood pressure after a penod of from six months 
to six years post partum, and of these over one third showed persistent 
hypertension Their investigations furthermore proved that in sub- 
sequent pregnancies the majority of women suffering from this type of 
toxemia will again exhibit hypertension, and they advise that such 
women should be observed over a senes of years for evidence of car- 
diovascular disease 

Kylm in an extensive review of the question of hypertension divides 
all cases into two groups To the first group belong acute diseases, 
such as glomerulonephritis, essential hypertension and artenosclerosis, 
and to the second group the dironic conditions, such as contracted 
kidnej Hussey has reviewed all the disturbances, which may be 
assoaated with normal pregnancj’, and believes that there arc toxic 
substances of the amine type which may act upon the walls of the 
blood vessels, and that these substances have their ongm in the 
placenta and perhaps also in such glands as the pituitaiy Volhard 
has also described similar substances as sensitizing the \ esscl w alls, 
makmg them particularly sensitive to pressor bodies Hussey belicx es 
that these amines have a wadespread action and tliat oedema is 
generally due to damage to the capillary walls resulting from the 
actiiatv of these nmtneii 
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Be Snoo groups the hypertension incident to gestation as follows 

(1) h 3 ^ertension associated with toxemia, (2) hypertension resulting 
from chronic nephritis, and (3) essential hypertension His first group 
undoubtedly includes cases of low reserve kidney, as well as pre- 
eclampsia The hypertension of chrome nephritis will be discussed 
later. Often we notice an elevated blood pressure without any other 
signs of toxemia It is usual to regard this condition as essential 
hypertension Essential hypertension is an idiopathic condition 
and we know very little or nothing about its etiology If the patient 
had an elevated blood pressure "without demonstrable disease before 
she became pregnant, it is probable that she is suffermg from essential 
h 3 ^ertension. On the contrary if her pressure is normal until about 
the middle of pregnancy and then begins to rise, it is undoubtedly due 
to a toxemic condition directly associated "with the pregnancy and is 
not an essential h 5 Tpertension A great deal has been done concerning 
the therapeutic action of ions in the management of hypertension 
Potassium sulphocyanate and iodine have given excellent results in 
lowering this type of high blood pressure 

Mussey and Randall agree with Irving that hypertension, especially 
in women under thirty years of age, is a better index of early toxemia 
than is albuminuna They state that more than 25 per cent of pruni- 
parous women have a blood pressure over 140, and that such hyperten- 
sion is a fair index of the onset of a toxemia WaUich regards hyper- 
tension in pregnancy as related to functional disturbances of the kidney 
and autointoxication, this t 3 ^e of h37pertension is accompanied by 
headaches, oedema, insomnia and polyuria, and may be responsible for 
placental hemorrhage 

Ginglinger divides all cases of albuminuria during pregnancy into 
four groups (1) an unimportant group with only slight albuminuria, 

(2) albuminuria "with little, if any oedema or hypertension, (3) albumi- 
nuria with much oedema and hypertension and (4) albuminuria without 
much oedema or hypertension but with marked nitrogen retention. 
For this classification we must know the percentage of albumm and 
the casts in the urine Estimation of the chlonde retention is judged 
by the amount of oedema, daily weight of the patient, the intake and 
output of water, tlie blood pressure and the blood urea 

Haffner examined the urine in 400 cases of pregnancy, and albumin 
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•was found in 73 cases, or about 17 per cent DeLee states that with 
the nitnc aad test albumm will be found m only 3 to 5 per cent of 
gravidae, while it is far more frequently seen dunng the puerpenum 
Pmard and Vamier beheve that albuminuna is too often blamed on 
the state of pregnancy, whereas it may often be due to syphihs They 
report cases of albuminuna dunng pregnancy where anti-syphihtic 
treatment caused the albumin to disappear from the urine Cook 
suggests that the albuminuna of pregnancy may be due to mecliamcal 
pressure and resultmg hyperemia, espeaally of the left kidney, but he 
has not been able to prove this He calls attention to the post 
mortem findings and requests that we pay more attention to the 
vascular factors According to Cattaneo the degree of azotemia and 
the salt content of the blood are of greater value in the diagnosis and 
prognosis of pregnancy nephropathies, than the albumin content of 
the unne 

Tangberg relates a case of albumosuna, m the seventh month of 
pregnancy The patient had felt ill dunng the entire penod of gesta- 
tion On admission there was no ablumm in her unne, her symptoms 
became worse and oedema and ohguna developed with albuminuna 
Diet proved of no avail, and a few days later she gave birth to a still 
bom mfant, and all her symptoms immediately improved The unne 
on admission, altliough contammg no albumin, gave a positive test of 
albumose, and nhile the albumm disappeared from the unne on the 
4th day postpartum, the albumose persisted until the tenth day post- 
partum No extensive work has been done on the albumoses in the 
unne of pregnant w omen, and this may well be a fruitful field for future 
investigations 

Tor a long time it has been stated that placenta praevia and pre- 
mature separation of the placenta may be assoaated 'with albuminuna 
and toxemia Young and Miller reported that they found albumi- 
nuna m five of ten consecutive cases of placenta praevia and there were 
other sj-mptoms of toxemia in three of the remaining five Ihey feel 
that the assoaation between placenta praevia and toxemia is much 
more common than is at the present supposed Danby suggests that 
the extensive cxtraxasation of the blood into the pelvic tissue may be a 
manifestation of toxemia He beheves that the many hemorrhages 
which are almost pathognomonic of toxemia arc due not only to in- 
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creased blood pressure but also to changes within the blood vessel walls, 
dependent upon a toxic substance producing the toxemia 

To summanze, low reserve kidney manifests itself in about S per 
cent of all full term pregnancies It is a mild toxemia of the latter 
half of gestation, not associated with permanent or progressive injury 
of the kidneys, and not preceded by any renal damage This toxemia 
may or may not reappear in a subsequent pregnancy, and if it does it 
is usually not more severe The diagnosis is made on a moderate 
rise of blood pressure, usually about 150 systolic and 90 diastohc, and 
a relatively small amount of albumin in the urine, rangmg from a 
fraction of a gram to 1 gram per hter of unne These mamfestations 
of toxemia appear durmg the last few months of pregnancy There 
may also be some oedema, and very rarely a complaint of headache 
Of great importance in estabhshmg the diagnosis is the fact that by 
the end of the puerpenum (three weeks after dehvery) the blood pres- 
sure has resumed its normal level, the urine is albumin-free, and any 
oedema that may have been present, has disappeared At no tune 
do the blood constituents show any abnormahty, and the nitrogen 
partition in the urine is normal In subsequent pregnancies a similar 
picture may recur or the patient may be entirely normal As to the 
etiology of this mild form of toxemia we are still in the dark. 

Rest m bed and a low-protein diet will usually prove ample treat- 
ment for these patients Occasionally oedema of the ankles and 
legs will disappear more rapidly after the restnction of salt in the 
diet Improvement generally follows this type of treatment, and 
interruption of the pregnancy is not indicated If, however, the con- 
dition becomes worse, notwithstandmg rest in bed and proper dietary 
measures, we are most probably deahng with a chronic nephntis and 
not a low reserve kidney, m which case treatment may have to be more 
radical. 

III. Nephritis complicating pregnancy 

Many attempts have been made to classify the nephropathies of 
pregnancy Perhaps the most generally used terms are chronic 
nephritis complicating pregnancy and nephritic toxemia Acute 
glomerulonephritis, chronic glomerulonephritis, glomerulonephrosis, 
acute nephrosis (nephrosis), acute nephritis, chronic focal nephritis. 
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essential hypertension (benign hypertension) and malignant hyper- 
tension constitute subdivisions oi nephritis As there is such con- 
fusion in the use of some of these terms it is advisable that we clearly 
define each of them 

In glomerulonephntis the lesion is pnmarily limited to the glomeruli, 
resulting in hypertension, oedema, albummuria, oliguria, hematuna 
and sometunes visual disturbances The acute form is assoaated 
with a sudden onset, usually with normal renal function except for 
decreased excretion of salts and water, and very shght, if any, nitrog- 
enous retention m the blood The chronic type of glomerulonephntis 
differs from the acute m that the specific gravity of the unne is low and 
there may be evidence of nitrogenous retention with impaired kidney 
function Glomerulonephrosis is a term suggested by Fahr to denote 
degenerative lesions m the glomeruli 
Mueller used the word nephrosis to designate degenerative changes 
m the kidney in contradistinction to an mflammatory process, and it 
now generally signifies a primary degenerative change as opposed to 
artenosclerosis Many authors regard nephrosis as a degenerative 
change limited to the tubules of the kidney The term has also been 
used to denote oedema and perhaps albummuna vnthout hypertension 
or impaired renal function High lipoid and low protein content of the 
blood serum, together with normal fundi, are supposed to be associated 
with nephrosis 

Acute nephritis is a vague term and does not classify the lesion, w hile 
focal nephntis, according to Volhard, denotes slight changes in the 
kidnej of an mflammatory nature with albuminuria, hematuria and 
casts, but without impairment of renal function or oedema or hj^per- 
tension 

Essential hypertension, as stated carher m this paper, is of unknown 
etiology and may exist for many years wnthout renal impairment 
The elexated blood pressure is the only positive finding In the so- 
called malignant type of hypertension the kidneys have become in- 
volved and a secondary nephritis is superimposed on the original 
benign hjpertension Wagoner and Keith use the term malignant 
hypertension to denote vascular and retinal changes without impaired 
renal function 

Chronic nephritis is also subdivided into parencliymatous and inter- 
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stitial, the former presentmg three types, the large red kidney, the 
large white kidney and the secondarily contracted kidney This 
parenchymatous type is accompamed by general anasarca, headache, 
visual disturbance and albuminuna, chronic interstitial nephritis is 
also known as primary contracted kidney and is usually associated 
with arteriosclerosis and cardiac hypertrophy, and is characterized by 
polyuria with low specific gravity of the urine, and by albuminuria 

As a rule it is impossible to differentiate between the various types 
of nephritis during pregnancy. The added strain of pregnancy on the 
kidneys tends to obscure the diagnosis of any one particular form of 
nephritis As we learn more about kidney function we may ultimately 
be able to estabhsh such a differentiation, but at present we must con- 
tent ourselves with the general diagnosis of nephritis complicating 
pregnancy, unless study before its onset has made it possible to dis- 
tinguish the type 

Incidence Nephntic toxemia, or the occurrence of pregnancy in a 
woman already suffering from chronic nephritis constitutes about 25 
per cent of all gestation toxemias In 3,330 consecutive deliveries in 
the Johns Hopkins Hospital, nephritis appeared as a comphcation of 
pregnancy in 61 cases, m other words, approximately two per cent. 
Crmckshank investigated a series of 23,630 cases admitted to the 
Glasgow Royal Maternity and Woman’s Hospital durmg a period of 
ten years and found that the average incidence of nephritis was 2 84 
per cent. 

Symptoms In their studies upon repeated pregnancies occurring m 
the same individual, Stander and Peckham found the outstanding 
characteristics of nephritis as a comphcation of gestation to be as 
follows 

“1. The last pregnancy shows more renal mvolvement than the one 
preceding it Usually this is shown by the fact that a nsing blood pressure 
and the presence of albumin in the urine are noted far earher m pregnancy 
fTian was the case in the previous pregnancy This is true for all of our 
patients except one, and even m that case there was a higher blood pressure 
and more albumin in the urine at the end of the puerpenum followmg the 
second pregnancy than after the first pregnancy. 

2 The nitrogen partition in the unne is often disturbed, the ammoma 
nitrogen increasmg and the urea mtrogen being relatively less in amount. 
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3 In some cases nitrogenous retention in the blood becomes quite ap- 
preciable, as IS shown by a nse in the nonprotein nitrogen, as well as m the 
urea nitrogen 

4 Edema is qmte marked in a large percentage of cases and sometimes 
persists throughout the puerperium 

5 At the end of the puerpenum following the last pregnancy tlie blood 
pressure, especially the diastohc, has not returned to the normal level, 
and there is usually some albumin m the unne 

The cases in this class can probably be divided into two subgroups, 
namely, those who had developed a chronic nephritis pnor to the first 
pregnancy, or between pregnancies, from such causes as scarlet fever, 
tonsillitis, infectious diseases, myocarditis, or any of the conditions which 
may lead to chronic nephritis, and those in which repeated pregnannes 
may have played a rflle m the development of the nephritis The past 
history of the patient w ill prove of value in determining such relations 
It IS highly important that the obstetriaan determine whether or not the 
tommia falls into this group, for his advice to the patient and the treatment 
of the pregnancy will be governed accordingly WTicn there are definite 
_ signs of chronic nephntis it is unwise to allow the occurrence of further 
pregnancies, for each subsequent pregnancy leads to an earlier ‘break’ in the 
kidneys, and to more permanent damage to the renal tissue ” 

Kidney fundion Several tests to determine kidney function have 
been developed dunng the past few years, of these the phenolsul- 
phonephthalem test has been the most extensively used Sondercr 
and Harvey, by means of this test, estimated the renal function in 
normal pregnancy and found a decreased excretion of the dye in the 
latter months of pregnancy In the absence of renal lesions, they 
believe that it is due to a disturbance m the kidney function resulting 
from pressure exerted by the enlarging uterus They emphasize the 
fact that the amount of dye excreted is the important factor m 
determining the function We have used this test routmely for sea oral 
years and ha\ e reluctantly come to the conclusion that it is not of much 
value in chronic nephntis complicating pregnancy 
Wallis proposed the urinary diastase test and believes that it gives 
conclusive evidence of renal msuflicicncy In nephritis complicating 
pregnancy, he found consistently low values, while in all otlier cases 
of toxemia m pregnancy the test gave lugh values, which are usually 
much higher than normal Most of the w orL on this starch-splitting 



46 


H J. STAITOER 


enzyme in the urine followed the observation of Wohlgemuth in 1909 
that the amount of diastase is increased in pancreatic disease. Cor- 
bett found that a certain amount of diastase is present in normal 
blood and is excreted by the kidneys Damage to the kidney 
epithehum results in an altered excretion of the enzyme Schaanning 
used the formula 


dtt X jD 
15 

ds 

to denote the ability of the kidney to concentrate diastase, (tfw is the 
diastase in 1 cc of urme, d, the diastase in the serum and B the amount 
of urine in twenty-four hours) He showed that in chrome nephntis 
the ability to concentrate diastase is reduced Del Piano employed 
the same test as an mdex of kidney function during pregnancy, and 
states that where the kidney is normal there is less diastase m the blood 
serum than in the urine, while in cases of kidney damage the amount 
of diastase increases in the blood and decreases in the urine Sepe- 
tmskaja determined the amylase index m non-pregnant and pregnant 
women, and in the first half of gestation observed values within the 
normal non-pregnant limits in 77 3 per cent of his cases, while in the 
remainder the index was higher In the second half of pregnancy 
he found almost similar values, 81 9 per cent normal and 18.1 per cent 
higher He does not agree with Wallis that nephritis may be differen- 
tiated from pre-eclampsia by means of a diastase test 

Many tests have been based on the excretion rate of urea, and most 
of these have followed the laws laid down by Ambard in 1909. His 
first law states that the urea excretion is proportional to the square 
root of the concentration of urea in the blood, other factors remaining 
constant, and, according to his second law, if the urea concentration 
in the blood is constant, the rate of urea excretion is inversely pro- 
portional to the square root of the urea concentration in the urme. 
Walker and Rowe in expemnents carried out on normal and nephritic 
subjects found the first law of Ambard to be correct withm only certain 
narrow limits, and the second law to be completely invalid 
In 1914 Marshall and Davis stated that in normal animals dnnkmg ' 
water, the excretion is directly proportional to the concentration of 
urea in the blood, then McLean devised a formula based on the total 
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amount of urea excreted, the weight of the patient and the urea in the 
blood In 1916 Addis and Watanabe concluded that the normal 
kidney under constant conditions possesses a very constant function, 
and Addis and Drury later developed their index, which is calculated 
on the amount of urea in one hour’s urine expressed as a ratio of the 
urea m 100 cc of blood In 1921, Austin, Stillman and Van Slyke 
published their formula. 


bVjmv’ 

where D is the urea output expressed in grams per twenty-four hours, 
B the blood urea, in grams per liter, V the volume of urine in hters per 
twenty-four hours, IT'’ the body weight in kilograms, and K the 
excretory constant They found that A has a value of 7 5 to 3 for 
normal man In 1924, Stander, Duncan and Moses proposed an index 

„ SXTJV 
Z) 

where B is the urea-N in milligrams per 100 cc of blood, T N the 
total N in grams per twenty-four hours of unne, and D the urea N 
m grams per twenty-four hours of unne These authors have been 
unable to obtain uniform results for the urea excretion rate with any 
of the above formulae, and therefore feel that the urea excretion rate 
is not of great value in differentiating chronic nephritis from the 
other tj-pes of pregnancy toxemia 

Rabinowitch, on the other hand, places great reliance upon the 
“urea concentration factor’’ and regards it as a more sensitive index 
of kidney function than the other tests generally used The routme 
procedure, as described by Mills and Rabinowitch, is as follows 

The patient takes no food nor fluids of any kind after 7 00 p m the 
evening before the test At 7 00 a m the day of the test the paPent voids, 
and the specimen is discarded The patient is then given IS grams of urea 
dissolved in 150 cc of water flavoured with lemon juice The blood is 
collected two hours aflenvards, and the unne one and two hours after the 
ingestion of the urea The V'alue of the factor is obtained as follows 

Factor » niaiignims urea per 100 cc blood 

miUigrams urea per 100 cc unne (second hour) 
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It appears scarcely necessary to reiterate that only by performing the test 
tinder the standard set of conditions described can the results be of real 
chnical value The average normal value was foimd to be 40 
Since then an attempt has been made to measure, quantitatively, the 
effiaency of the kidneys, at least in so far as the excretion of urea is con- 
cerned — ^by the apphcation of well recogmzed thermodynamic laws The 
‘urea concentration factor’ forms an essential part of tks procedure For 
theoretical purposes, as described, it was necessary to shghtly modify the 
routine and calculation of the factor This consisted in dividmg the con- 
centration of the unne urea, by the arithmetical mean concentration of the 
blood urea obtamed both before and two hours after the mgestion of the 
urea. Thus 

_ Unne urea concentration (second hour) 

Factor = 

Blood urea concentration before -f- blood urea after 

2 

This increases the value of the factor from 40 to 50 for normal mdividuals ” 
Patch and Rabinowitch state that 

‘'m lesions of the kidneys whether pnmanly or secondanly associated with 
azotemia or other evidence of impairment of the excretion of nitrogenous 
substances, the determmation of the urea concentration factor is of greater 
value for diagnosis and a better index of progress than the individual con- 
sideration of either the blood urea mtrogen or unne urea concentration.” 

Clauser has modified the renal function test of Nyiri as follows 
The bladder is emptied and the urine saved as a control. Ten cubic 
centimeters of 10 per cent sodium hyposulphite are injected mtrave- 
nously and specimens obtained from the bladder m one, two, and three- 
hour periods Twenty cubic centimeters of the unne are shaken up 
with half a gram of animal charcoal for two or three minutes and then 
filtered To 10 cc of the filtrate is added a little starch and then titra- 
tion with 1/10 normal lodme solution carried out The amount of 
iodme solution used, multiplied by 15 8, gives the amount of substance 
in 10 cc of urine that is capable of bindmg lodme He concludes that 
a defimte decrease m renal function, which in normal pregnancy is 
very slight, becomes marked during labor, and that durmg the puer- 
perium the kidney usually regams its function in less than five days 
This test, he claims, is of value in nephritis complicatmg pregnancy. 



TOXEMIAS OF PREGNANCY 


49 


Kingsbury and Swanson suggested a new kidney function tost 
which consists in estunating the synthesis and elunination of hippunc 
aad The patient is given sodium benzoate, 95 per cent of which is 
ehmmated in the form of hippunc aad within three hours in the normal 
person In chronic nephritis, the rate of elimination is the same, 
which proves that the kidney has little to do ivith the synthesis of 
hippunc aad Their results show that this test vanes m the same 
general direction as the phenolsulphonephthalein test but is capable 
of revealing abnormal renal conditions to a finer degree Orlovius 
places great confidence m the estimation of creatmm and claims that 
where the clinical symptoms in nephntis dunng pregnancy are doubt- 
ful, the estunation of acatimn will give valuable mformation as to the 
prognosis He uses the test of Neubauer m which aeatimn dissolved 
m glucose is given by mouth, early m the mormng, and the unne 
examined for creatmm at 6 hour intervals 
Hamson and Hewitt indorse the Andrewes Diazo test, although it 
and urea retention do not run stnctly parallel Bowen states that 
when the concentration of urea m the urmc m the second hour is below 
2 per cent, there is evidence of kidney insuffiaency MacKay and 
MacKaj state that a patient with chronic interstitial nephntis may 
have a blood urea concentration withm normal limits, even though 
only 50 per cent of normal functionmg kidney tissue is present Wit- 
tenbcck showed tliat the increase of uric acid in the blood does not 
depend on disturbances of kidney function 
Eckclt carried out a large series of tests on the kidney function 
dunng pregnancy, and observed no difference m the functional activity 
of the kidney m non-pregnant and pregnant women In tlie so- 
called “kidney of pregnancy’’ there was an insuffiaency only m the 
exaction of water and sodium dilondc, and it is for this reason that he 
suggests that in tlie kidney of pregnancy, milk should not be used m 
the diet and advises a rcstnction m sodium chlonde 
DcWessclow states that there are two distinct types of defect in 
renal function, namely, mabihty to exaete threshold substances, and 
inability to deal with non-threshold substances As a typical example 
of threshold substances he mentions sodium chloride, and as a non- 
threshold substance urea, and states that defective climmation of 
sodium chloride is charactaistic of hvdremic or parenchjmatous 
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nephritis, while in azotemic or interstitial nephritis there is an ina- 
bility to excrete urea 

From the consideration of these various kidney function tests as 
well as from personal experience with certain of them in cases of preg- 
nancy comphcated with nephritis, it appears to the author that the 
urea concentration test, as developed by Rabinowitch and his co- 
workers, will prove the most useful in diagnosis and prognosis The 
application of this test in a large series of toxemias may prove very 
instructive 

Chemical changes Krauter investigated the hydrogen ion concen- 
tration of the urine in order to study the regulatory function of the 
kidneys on the acid base equihbnum during pregnancy He concludes 
that the hydrogen ion concentration is more stable during pregnancy 
than in the non gravid state The administration of acid or alkali 
does not change the acidity of the urine during pregnancy From 
this the author concludes that the kidney function must be impaired, 
being less able to excrete the excessive amount of acid or alkali which 
may be present in the body Rosenburg and Hellfors found that in 
renal insufficiency the acidity of the urine could not be changed by 
administration of alkali and believe that this is due to a disturbance 
in the acid base equilibra between tissue and blood They also studied 
the urmaiy ammom'a and found that in normal persons the ammonia 
decreases after the administration of alkali, whereas the opposite effect 
follows m cases of renal insufficiency This they explained on the 
basis that in the person with abnormal kidneys there is a deficiency 
of alkali, and the administration of alkah results in setting free 
ammonia that has been used in the tissues for the neutralization of 
acids Bloor, in his studies on blood lipoids m nephntis, noted a high 
fat m the plasma and corpuscles and high lecithin in the corpuscles, 
the cholesterol values bemg practically normal He regards this 
abnormality as the result of a retarded assimilation of fat in the blood, 
which in turn is thought to be a mamfestation of a general metabolic 
disturbance, brought about by a lowered alkah reserve of the blood and 
tissues 

Stander, Duncan and Sisson observed in nephritis only a slightly 
elevated unc acid but a definite increase in the blood urea nitrogen when 
expressed as a ratio of the non-protein nitrogen, as well as when ex- 
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pressed as a ratio of the urea nitrogen percentage m the urine The 

latter ratio ( ^ is approTunately 16 in normal pregnancy, 

\UN percent/ 

while It nses to about 24 m nephritic toxemia These mvestigators 
found that the morgamc elements were withm normal limits in this 
type of pregnancy toxemia De Wesselow m a cluneal studj of the 
toxemias of pregnancy noted that a definitely raised urea content of 
the blood, that is about 40 mgm per 100 cc of blood, is proof that the 
kidney is severely damaged, and affords an mdication for mtemiption 
of pregnancy Where there is no mcrease m blood urea, this author 
suggests that a urea concentration test be earned out, and, when the 
result IS below 2 per cent, that pregnancy' should agam be mterrupted 
Dossena states that a diflferential diagnosis between nephntis and 
pregnancy nephropathy (low reserve kidney) can be made on the basis 
that urea in the blood is always mcreased m nephntis and never m 
nephropathy In nephropathy there is an increase m chlondes and 
consequently water retention and oedema Bunker and Mundell found 
a varying degree of nitrogenous retention m all their cases of nephntic 
toxemia In a follow-up study of their cases, they were able to demon- 
strate a kidney lesion in some cases as late as two years after delivery 
Jackson, Sherwood and Moore attempted to corroborate the poly- 
peptide nitrogen findmgs of Hulse and Straus, who had observed values 
as high as 30 mgm per 100 cc of blood m cases of hypertension 
Hulse as well as Blau, gave the normal blood plasma polypeptide 
nitrogen as 3 mgm per 100 cc of blood Jackson, Shenvood and 
Moore found the normal peptide nitrogen to range between 0 and 5 7 
mgm , with an average of 0 8 mgm In their cases of hypertension 
the peptide mtrogen ranges between 0 0 and 5 2 mgm , with an av erage 
of 0 7 mgm They conclude that there is no direct evidence to show 
that in hypertension the peptide nitrogen nses suffiaently to be of 
prognostic significance 

Myers and Short studied 7 cases of nephntis with marked nitrogen 
retention and noted that there was no increase in the potassium con- 
tent of the scrum or of the v.hole blood, and believed tliat their obser- 
vations do not lend support to the suggestion of Srmllie that some 
of the symptoms of uremia may be due to a potassium poisoning 
Hems and Hobson conducted a study' on the inorganic constituents of 
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blood serum in nephritis and found a marked increase in the sodium 
chloride in 18 per cent of their cases, the inorganic phosphate fraction 
was increased in 45 per cent of the cases They believe that sodium 
and chlorine are excreted with great ease even where the kidneys are 
badly damaged Underhill and Wakeman produced severe nephritis 
in rabbits by sublethal doses of sodium tartrate, and noted a marked 
decrease in the chloride concentration of the blood and a corresponding 
increase in relative blood volume. With recovery the chlonde con- 
centration becomes normal 

In general, it may be said that in severe nephritis comphcating 
pregnancy an elevated non-protein mtrogen, urea mtrogen and often 
a slight increase m uric acid wiU be found in the blood stream, but the 
absence of these abnormal lindmgs does not exclude nephritis The 
sodium chloride content of the blood, a renal function test, the patient’s 
blood pressure, the amount of albumin in her urine, her past history, 
and the duration of pregnancy may all contribute in estabhshing the 
diagnosis 

Eye changes. The opthahnoscopic study of the eye grounds often 
aids in differentiating nephritic toxemia from other types of pregnancy 
toxemia Albuminuric retinitis is sometimes seen m nephritis com- 
plicating pregnancy, while, according to Miller, it is never present in 
true eclampsia or pre-eclampsia Wolff and Zade, in a clinical study 
of cases with marked renal disturbances, found that the defimte forms 
of kidney disease in pregnancy could not be differentiated clinically, 
and state that albuminuric retinitis may be associated with ordinary 
“kidney of pregnancy” m the presence of a chronic nephritis 

KoUert states that hypertension and narrowmg of vessels appear 
to be the essential factors in the origin of nephritic retinitis With a 
falling blood pressure, heahng may ensue Deposits of cholesterol 
esters in the eye frequently occur with hypercholesteremia, but only 
when retinal disease is already present. Couvelaire reports two cases 
of retinitis without increase of the blood nitrogen, the retmitis occur- 
rmg at about the fifth month of pregnancy Complete blmdness, 
albuminuna, and high blood pressure, were present in both cases, and 
each made a complete recovery after delivery of a six and a half and 
five months’ foetus, respectively 

Rochet does not regard albuminuric retinitis as an absolutely im- 
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favorable diagnostic sign in nephritis Fmk states that in cases of 
acute blindness or severe amblyopia with normal eye grounds, the 
removal of the foetus becomes necessary only if uremia is present On 
the other hand, visual disturbances of gradual onset are extremely 
serious He furthermore believes that the theory of retmitis gravida- 
rum occumng only with chronic nephritis is mcorrect, and that this 
condition is often associated with a “kidney of pregnancy” and eclamp- 
sia He does not agree with Schoeitz that patients with chronic 
nephritis and eye ground changes should be sterilized 

Capillaries Followmg the fundamental work of Krogh on capilla- 
ries, some remarkable changes have been observed m the capillary 
walls in cases of nephritic toxemia Nevermann, Hmselmann, Linzen- 
meier, Heynemann, and Niekan describe varying degrees of capillary 
stasis with changes m the size of the artenoles Spasm of the walls of 
these small vessels has been noted and is supposed to be due to a toxic 
stmiulation of the nervous supply or of the musculature of the vessel- 
walls This capillary spasm, which can be observed in the nail-fold 
vessels, results m dilatation of other portions of the vessels, causing 
stagnation of the blood flow with resultant anoxemia Mufson has 
studied the capillanes in a senes of toxemias with hypertension at the 
Sloane Maternity Hospital, but found no consistently typical picture 
He regards the presence of a high capillary pressure m these ‘‘hyper- 
tensive toxemias” as indicating an unfavorable prognosis for mother 
and child 

In normal pregnancy, Baer and Reis could find no abnormality in 
the capillary loops, neither as to morphology nor blood flow, but they 
observed elongation of the loops and mcreased tortuosity m cases of 
nephritis complicating pregnancy In the latter condition the charac- 
ter of the capillary flow also showed abnormal deviations, so that the 
authors regard capillary microscop>’ as of value m differentiating true 
nephritis complicating pregnancy from the other toxemic conditions 

Kyhn views nephntis occumng during pregnancy as practically 
identical with acute glonieruloneplintis In both conditions, he 
wntes, the changes in the capillanes are identical, and the capillary 
pressure is raised The modern tendency seems to be to regard ne- 
phntis as a systemic disease, rather than one stnctly limited to tlie 
kidnejs 
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Prognosis In this chnic dunng the past four years the iminediate 
maternal mortality in nephritis comphcatmg pregnancy has been 3 3 
per cent, but it is evident that this figure does not give us a true con- 
cept of the severity of the disease Every year we see women who had 
been discharged from the hospital a year or two previously, at the end 
of a fairly normal puerperium, succinnb to chronic nephritis We 
have no accurate method of determinmg the amount of damage to the 
kidneys done by the pregnancy Jaschke, m discussing the prognosis 
of kidney disease in association with cardiac disease considers the 
condition very serious, and contends that labor should be induced as 
early as possible. It is only by reducing the work of the kidneys and 
the heart that the patient can be given any chance for the future. 
Hussey regards nephritis as a very senous complication of pregnancy, 
and is convinced that the gestation itself exerts an mjurious influence 
on an already existing nephritis 

Very occasionally one may have to deal with cortical necrosis of the 
kidney, or with a nephrectomy preceding pregnancy Manley and 
Kleinen reviewed the literature on cortical necrosis of the kidney in 
pregnancy, and found only 20 cases in all Most of these were in the 
latter half of pregnancy, and usually associated with premature labor, 
and with stillborn babies They reported the case of an eighth month 
pregnancy m a primipara, m whom the onset of the disease was very 
sudden The case was complicated by severe hemorrhage and caesa- 
rean section was performed There was total anuna for twelve days 
and the patient came to autopsy, where the charactenstic lesions of 
cortical necrosis were seen Rolleston also reports a case of symmetri- 
cal necrosis of the cortex of the kidney directly following childbirth 
The symptC'' ' iu this patient resembled those of obstructive anuria 

?e nrnhiiKlvintiTnat.elv connp.rled with thrombosis 
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nancy and came to the same conclusions as Schmidt, who states that a 
woman with one healthy kidney does not run much greater nsk, nor 
does the foetus, than the woman who has two healthy kidneys Also 
Borehus states that normal pregnancy can follow nephrectomy without 
any difficulty, provided the remaimng kidney is normal Buschmann 
reports three cases of unilateral impairment of the kidney during preg- 
nancy and suggests that pressure from the gravid uterus affectmg 
the nght kidney more than the left may play a part in the production 
of this impairment He considers that the diminished renal function 
IS due to primary venous stasis, just as one sees m advanced heart 
disease, as well as to direct pressure of the uterus upon the kidneys 

Treatment From a consideration of the prognosis m nephritis 
comphcatmg pregnancy, as outimed above, it will be clear that one 
assumes a grave responsibility by allowing gestation to proceed m the 
face of an underlying nephritis Stander writes 

“If the nephritic condition is severe, immediate termmation of pregnancy 
becomes imperative In the milder types of chronic nephritis rest in bed 
and dietetic treatment occasionally enable us to cany the patient to term 
without any senous harm to the mother, butitiswellto remember that such 
an outcome is the exception rather than the rule Furthermore, how can 
we be sure that the underlying renal condition has not been aggravated by 
the strain of the latter months of pregnancy, and that the patient’s life has 
thereby been shortened, although this increased damage to the kidneys may 
not be apparent at the time of dehvery? I strongly advocate the termina- 
tion of pregnancy in all cases complicated by an underlying chronic ne- 
phnlis, unless marked and rapid improvement foilous the conservative 
treatment of rest in bed with restneted low-protein (and m some instances 
salt-free) diet and plenty of fluid The patient’s past history, both medical 
and obstetrical, the duration of the present pregnancy and the subjective 
and objective findings, enable us to form an opmion as to the seventy of the 
nephritic condition ’’ 

Smith believes tliat a diet of loner protein content than is usually 
cmploj ed in the treatment of chronic nephritis, may be used in cases 
with nitrogenous retention He bases the amount of protein allow cd 
in the diet on the amount of non-protein nitrogen which the patient 
IS able to excrete in twenty-four hours The amount of protein nitro- 
gen m the diet should be less than the total amount of non-protein 
nitrogen m the unne in twenty -four hours Peters, on the other 
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hand, argues that in patients with albuminuria, the loss of protem 
must be indu'ectly compensated for by increasing the protem in 
the diet, otherwise a drain on tissue protem will follow This is con- 
trary to the usually accepted views that high-protem diet leads to 
kidney damage 

In nephntis comphcating pregnancy the low-protein diet seems to 
give the best results as far as the dietary treatment is concerned 
Where there is marked oedema, salt in the diet is contramdicated As 
stated above, pregnancy should be termmated whenever there is no 
improvement on the strictly medical treatment and evidence of pro- 
gressive renal damage is apparent Too often the mother is subjected 
to further kidney inj’uiy, which may soon prove fatal, in order to 
obtain a living child, whereas the life of the mother should be our first 
consideration Our attitude in this clime has become more radical 
during the past five years, and if prompt improvement does not occur 
under conservative medical treatment, we terminate pregnancy by 
means of a bougie or bag and upon discharge from the hospital the 
patient is advised as to the use of contraceptives Often it is advisable 
to terminate the pregnancy by caesarean section and effect sterilization 
at the same time especially where contraceptive advice will probably 
be meffectual ' 


IV. Pre-eclampsia 

The term “pre-eclamptic toxemia” has caused a great deal of con- 
fusion, as some writers have used it when referring to any one of the 
late toxemias of pregnancy. The author has advocated the discontm- 
uance of this term and has suggested instead the word “pre-eclampsia,” 
and furthermore that its use be hmited to the relatively small group 
of cases in which the patient presents the signs, sjmptoms and labora- 
tory findings of eclampsia but has not yet developed convulsions. In 
other words, pre-edampsia is essentially edampsia before the outbreak 
of convulsions and coma Bar suggested that we designate eclampsia 
without convulsions as “edampsism,” which is undoubtedly synony- 
mous with severe pre-edampsia "R^en used in this restneted sense, 
pre-edampsia is relatively rare, not exceedmg five per cent of all the 
toxemias of the latter half of gestation, and occurring about fourteen 
times in every thousand deliveries, accordmg to the figures of this 
clinic. 
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Pre-eclamptic patients usually show the same picture as eclampsia, 
except that convulsions are absent The patient is acutely ill with a 
great amount of albumin and some casts m the urme and a high blood 
pressure After delivery there is a prompt return to the normal 
blood pressure level and the unne soon becomes albumm free The 
author believes that pre-eclampsia is a manifestation of the same dis- 
ease entity as eclampsia, and differs from it only in so far as convul- 
sions and coma do not occur In other words, the pre-eclamptic 
patient has a potential eclampsia, being, as the name implies, m the 
stage preceding eclampsia The disease develops usually durmg the 
last two months of gestation and its onset may be quite abrupt, as is so 
often the case in eclampsia The first danger signal, especially where 
there has been no prenatal care, is frequently a complaint of sharp 
epigastric pain or fading vision Within a short tune the blood pres- 
sure has climbed to a high level, usually around 190 sj'stohc and 110 
diastohc The urme contams three or more grams of albumm per 
liter, and there may be marked oedema of the face and extremities 
Analysis of the blood reveals an elevated and steadily increasing uric 
acid content, and often a lowered COj-combming power As a rule 
there is no nitrogenous retention, both the non-protein nitrogen and 
urea nitrogen bemg within normal limits The blood sugar, the inor- 
ganic elements, calaum, magnesium, sodium, potassium and phos- 
phorus in the blood, as well as the nitrogen partition in the urme, are 
usually within normal limits Examination of the eye-grounds may 
show oedema of the retina, retinal hemorrhages or even detachment 
of the retina, but no albuminuric retinitis If death does not occur 
dunng the attack delivery of the cliild is promptly followed by the 
disappearance of all abnormal findings witlun a week or two 
Mills states that the symptoms of headache, nausea and vomiting, 
epigastric pam and colonic distress are to be regarded as indicative 
of prc-edampsia According to tins author the eyes are invohed m 
about 90 per cent of all cases as a result of a ph> siologic enlargement 
of the pituitary gland Different degrees of contraction of the visual 
fields by pressure upon the optic commissure and tracts are the result 
of this enlargement He believes that the symptoms of pro eclampsia 
anse from local intracranial pressure of the enlarged hy'pophysis as 
well as from increased function of this gland He advocates that we 
separate the pre-cclamptic symptoms into those of pituitary origin and 
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those coming from a true toxemia of pregnancy, and that this can be 
done by a systematic exammation of the visual fields and eye grounds 
Dice finds that the first objective signs m the eyes of pre-eclamptic 
patients are a haziness of the fine detail of the fundus, a beginning 
retimtis, and he empties the uterus when this stage is present 

Edaften observed that the depth of respiration in pre-eclampsia is 
many times greater than m normal mdmduals, and he regards a rapid 
increase in the respiratory depth as a sign of an aggravation of the tox- 
emia and as a warmng of impending eclampsia He also thinks the 
persistence of deep breathing after a convulsion is a very unfavorable 
sign 

Cary m discussing the etiology of pre-eclampsia states that a toxic 
substance or substances are elaborated which give nse to the syndrome 
of eclampsia and that this toxic substance is probably an early split 
product of the protein molecule The source of the toxm is not single, 
and it may enter the maternal circulation m one of three or more ways, 
from autolysis of degenerating placenta, absorption into the large 
intestine of split products of bacterial origm, and from primary foci of 
infection He was able, by extracting with normal salt solution pla- 
cental tissues free from blood, to obtain a substance toxic to guinea 
pigs, when administered intrapentoneally He could destroy the 
toxicity of this substance by mcubating it with pregnant horse serum 
He believes that these factors are suggestive that a substance is elabo- 
rated m the autolysis of the placenta which can produce eclamptic-like 
symptoms in experimental animals This author has developed a 
method of treatment of pre-eclampsia, which consists m rest, increased 
elimination, and a salt-free, protem-free diet Carbohydrates are 
given freely as well as buttermilk in order to change the mtestinal flora 
from a putrefactive to a fermentative tj^e Sodium bicarbonate and 
in some cases calcium salts are admmistered in order to increase the 
urinary output and to decrease the irritabihty of the nervous system 
Curl also beheves in a low-protein diet in the treatment of pre-eclamp- 
sia. 

The treatment of this type of toxemia varies greatly with different 
authors, depending on their views regardmg the treatment of true 
eclampsia Harding and Van Wyck are of the opinion that protein 
and fat produce no ill effects in the treatment of pre-eclampsia, but that 
salt in the diet is of main importance, as it always aggravates the 
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symptoms The restnction of salt m the diet should not be continued 
for too long a penod, and they determine the amount of salt in the 
diet by collectmg twenty-four hour specunens of unne and finding the 
point at which the salt excretion reaches a constant minunum of 2 
or 3 grams They recommend the total restnction of salts one week m 
every four m addition to the usual prenatal care Bland and Bern- 
stein also advocate a salt-free diet in the treatment of this type of tox- 
emia and report 13 cases successfully treated 
Mayer has treated 24 patients suffermg from pre-eclampsia with 
ultra violet rays The effect of this treatment is to lower the blood 
pressure and to decrease the amount of albumin m the -urme The 
rays are given from three to ten minutes at a time at a distance of 
75 cm , and the treatment repeated Only one of his patients devel- 
oped eclampsia 

Peterson also regards pre-eclampsia as a type of intoxication which 
will end m convulsions, unless properly treated He states that when, 
in spite of treatment, the albummuna, cylindruna and blood urea 
increase along with a rise m blood pressure, and oedema, headache 
and eye disturbances become more marked, the uterus should be 
emptied This author is an advocate of caesarean section but admits 
that each case must be judged by itself, taking mto account the sever- 
ity of the intoxication, the condition of the birth canal, and the size 
and condition of the child Poucher is another advocate of caesarean 
section in pre-eclampsia 

From the work of Davis, Stander and others on anesthesia it seems 
advisable to the author that caesarean section under spinal or local 
anesthesia should be our method of choice in certam cases of pre-eclamp- 
sia, where the outbreak of an impending eclampsia appears imminent 
Often the cervix is tightly closed, cspeaally m primiparae so tliat the 
introduction of a bougie or bag wuth a long drawn out labor may do 
far more harm than a caesarean section performed quickly and without 
the use of a general anesthesia If the pre-edomptic patient does not 
improve promptly with rest in bed, restricted diet and sedatives, such 
as morphia and chloral hydrate, and we fear the development of true 
eclampsia, the patient should be delivered as promptly as is consistent 
wath safetj to the mother, and often a caesarean section under local 
or spinal anesthesia wall give the best results in this type of case 
As tlie author regards pre-cclampsia simply as a stage in the dev clop- 
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inent of edampsia, further discussion of its etiology will be given in 
the section on edampsia Likewise additional details regarding its 
treatment will be mcorporated in the same section 

V Eclampsia 

^^Edampsia’’ is derived from the Greek ihKaixpis, meaning a shining 
forth or flash, and was first used by Hippocrates to denote a fever of 
sudden onset, and later by Sauvage At the end of the eighteenth 
century, the German writer, Gehler employed the word “eklampsie,'" 
and gradually it came to mean a defimte disease entity occurring during 
pregnancy As used today, the term sigmfies an acute toxemia dunng 
the latter hah of pregnancy or early pueiperium, which is usually 
assoaated with dome and tonic convulsions, followed by varymg 
degrees of coma It is perhaps more correct to define eclampsia as a 
symptom-complex, resulting from pregnancy, with cerebral phenom- 
ena as the most outstanding characteristic Generally we regard 
eclampsia as synonymous with convulsions occurring during preg- 
nancy, although eclampsia without convulsions is a recognized entity, 
sometimes corroborated m the postmortem room Again, convulsions 
of epileptic, hysterical or menmgeal ongm, as well as those associated 
with uremia or acute yellow atrophy may occur during gestation, so 
that the appearance of fits does not necessarily mean the pregnant 
woman is suffering from eclampsia 

In the hterature of the eighteenth century we find excellent 
descriptions of convulsions occurring during pregnancy or labor. 
Amberg, in 1713, described generahzed convulsions in a pregnant 
woman, who was cured after the use of nervous powders and phlebot- 
omy, undoubtedly an example of what we now know as intercurrent 
edampsia Many of the text-books on midwifery of the latter part 
of the eighteenth and early half of the nmeteenth centuries contain 
detailed accounts of convulsions, or “epileptic fits” inddent to child 
bearing, and ascribe them to various causes, such as uterme irritabil- 
ity, movements of the foetus, sudden emotions of the mind, excessive 
flooding or a blood plethora, and epilepsy Alexander Hamilton in 
his “Elements of the Practice of Midw'ifery,” published m 1775, writes 

“1. Convulsions at an early penod of Pregnancy chiefly happen to young 
Women of a plethoric sangume habit, and can therefore only be removed or 
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palliated by a free and bold use of the Lancet, by an open belly, cool regimen, 
and spare diet After plentiful evacuations, if the stomach be loaded wth 
aend Saburra or putrid Bile, a gentle Puke may be of use But such reme- 
dies, on these occasions, must be employed with great caution Instead 
of a Plethoric, if the Patient is of a nervous habit, a very necessary and 
important distinction, tlie intentions of cure will essentially vary Tor 
here Opiates in large doses and frequently repeated, emolhent clysters, 
stupes apphed to the legs, the Semicupium, and every other means to soothe 
the nerves, and remove Spasmodic stricture, will prove the most effectual 
remedies If insensible or comatous. Opium, Musk, and other Anti- 
spasmodics should be exhibited by way of clyster, and the Patient ought 
to be roused by Epispastic and stimulating Cataplasms apphed to the legs 
and hams Convulsions succeeding profuse evacuations, are generally 
mortal The Vis Vitae, in such arcumstances, must be supported, by 
replemshing the vessels with the utmost speed This is to be done by pouring 
m nourishing fluids as fast as possible by the mouth, and by clyster, warm 
appheaUons should also be made to the stomach and feet, and nervous 
cordials given mtemally along with Opium 

The treatment of Epileptic Fits, depending on other causes than those 
now menboned, must be regulated by a proper attention to the particular 
symptoms with which they are attended 

2 In the advanced months, such Complaints are more to be dreaded 
than in early gestation, as they generally proceed from the irritation oc- 
casioned by the distention of the Utenne Fibres, or by the pressure of the 
Uterus on tlie contiguous Viscera Hence the natural functions of these 
parts wall be interrupted, the circulation of their fluids will be impeded, and 
the Blood, being thus prevented from descending to the mferior parts, wall 
be derived in greater proporbon to the Brain, and overcharge that Organ 

The Cure must, in this case, chiefly rest on copious and repeated Blecd- 
mgs, an open Belly, and spare Diet 

3 Lastlj, When Fits come on with Labour-pains, a speedy Delia erj, 
if It can be done with safety, cither by turning the Child, or b> extraebng 
wath tlie Forceps w hen the Head is w ithin reach, w ill prov c the most effectual 
Cure ” 

Incidence From a very careful study of all statistics published up 
to 1924, Hinsclmann concludes that eclampsia occurs once in every 
253 7 women entering a lying-in hospital, in other words m 0 39 per 
cent, while in pnvate practice the frequency is one in 1816 6 or 0 05 
per cent The total inadencc of eclampsia, according to this author, 
is one in cverj- 867 births (0 12 per cent) Although the birth rate in 
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various countries differs markedly, and in some countries there are no 
figures as to birth rate, Hmschnann has estimated that with the world^s 
population at 1,702 milhons of people and the yearly birth rate at 
approximately 56 millions, the total number of eclamptic patients is 
approximately 64,570 per annum Williams states that eclampsia 
occurs about once in every 500 labors, while in the lying-in hospitals 
the incidence is about one in every 130 deliveries or 0 75 per cent 

Zacheral observed 188 cases of eclampsia in 33,700 deliveries in the 
chnic at Graz, an incidence of 0 57 per cent, while Zweifel reports 190 
cases of eclampsia in 29,733 deliveries m the Woman's clime at Munich 
(0 64 per cent) The Hamburg Municipal Obstetrical Institute, 
according to Westphal, had 189 cases of eclampsia in 22,809 deliveries 
(0 83 per cent). Heinlem found among 14,000 dehveries, 253 cases 
of eclampsia, a percentage of 1 8, while Kingston and Mudaher also 
reported a high incidence of eclampsia, namely, 1 73 per cent, in the 
Government Hospital for Women at Madras, India Nevermann 
found that in 385,226 births, eclampsia occurred 559 times, in other 
words, one in 689 13 births, a figure which corresponds fairly closely 
with that given by Hinselmann Leidem’us gives the statistics for 
1911-1914 at the Umversity Clinic at Helsingfors, and reports the 
total incidence of eclampsia as 0 6 per cent 

From these figures it appears that eclampsia occurs about once in 
every 500 to 800 dehveries, while the incidence in the obstetrical 
dinics is approximately one in every 150 births, because of the pro- 
portionally excessive number of seriously ill patients referred to hospi- 
tals for treatment 

Weather. Eclampsia varies m frequency at different times of the 
year and many authors have tried to demonstrate a connection between 
its incidence and weather conditions 

As early as 1825 Madame Lachapelle wrote that certain authors, 
Smellie among them, attributed a certain influence to the atmospheric 
conditions on the production of eclampsia Schrader in 1882 and 
Olshausen in 1890 stated that eclampsia varied with the seasons The 
latter observed 88 cases of eclampsia in the penod of March to August 
and 105 cases from September to February Glockner observed the 
greatest incidence from October to February Enapp also observed 
the greatest incidence in the wmter months Schreiber, on the con- 
trary, states that the greatest number of edamptics occurs in the 
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months of July and August and the smallest number m November and 
February 

Groom from the statistics of the Edinburgh Matermty Hospi- 
tal concluded that a sudden alteration in the temperature and 
rainfall, irrespective of any particular season, may affect the frequency 
of eclampsia Hammerschlag in 1904 investigated the period 1898- 
1902 in East Prussia and could find no association between weather 
and eclampsia, while Linzenmeier found that eclampsia was espeaally 
frequent m the fall and in the spnng and particularly on days with a 
sudden drop m temperature and northwest winds v Heuss made a 
very detailed study for the period 1908-1922 m Berlin and concludes 
that there are more cases of eclampsia on cold than on warm days, and 
that cold weather, fog and lowenng temperatures are especially 
conducive to it Hoenhorst, on the other hand, although he states 
that the incidence of eclampsia may possibly be enhanced by the effect 
of unfavorable weather on the excretory functions of the body leading 
to retention of toxins in the body, concludes that the weather is not 
a factor m the cause of the toxemia, but it may promote the onset of 
convulsions Jacobs also states that eclampsia follows cold weather 
Ragusa studied the incidence of eclampsia m Rome for a penod of ten 
years but could find no connection between it and the weather 
Harrar, studying a senes of cases of eclampsia at the New York 
Lying-In Hospital, found that the frequency of the disease was at its 
highest dunng the month of April, and that unsettled, damp and cold 
weather, as usually occurs in the spring months, is accompanied by an 
increase in the number of eclamptic patients 
There have also been studies to show that eclampsia is more frequent 
m large atics than in the country v Heuss thinks that the former 
tend to produce hypertension and so eclampsia, and consequently that 
it IS primarily a disease of large cities He found that m Germany 73 
per cent of the fatal cases occurred m women of the industrial classes 
living in the large aties, as against 12 per cent living in the country, 
and attributes this variation to differences in diet and hygiene 
There also seem to be regional variations in the frequency of eclamp- 
sia Rjan as carlj as 1831 stated that eclampsia is more frequent in 
England than m Trance Madame Lachapclle found eclampsia to 
occur once m 567 m Trance, whereas in England according to tlic 
figures of Mcmman, the incidence was one in 42 It is w ell known that 
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eclampsia is very common in Glasgow and its surrounding country 
Hinselmann writes that in Germany, with a population of 60 million, 
there are about 2484 cases of eclampsia every year, while Eden reports 
the total incidence in Great Britain as 2800 among a population of only 
about 40 millions 

Influence of war One of the interesting by-products of the World 
War, was the observation that the incidence of eclampsia was greatly 
reduced in the countries affected by the so-called hunger blockade, 
and gradually returned to the usual figure after the blockade was 
lifted Thus Ruge reports that in the Umversity clinic in Berlin, 
there were 15 cases of etlampsia in 1916 as compared with 45 cases in 
the year precedmg the war Mayer, Warnekros, Schulem, v Jaschke, 
Zangemeister, Davidson and Miller, all report a lower incidence of 
eclampsia during this period The figures of Warnekros are very 
indicative and are given in detail 


YEAR 

RIPTSS 

aCLAlfPSM 

PRR CENT 

Umversitats-Frauenklinik, Berlin 

1910 

1,476 1 

62 

4 2 

1911 

1,775 1 

56 

3 1 

1912 

1,868 

59 

3 2 

1913 

2,004 

52 

2 6 

1914 

1,994 

51 

2 6 

1915 

1,794 

32 

1 8 

1916 

1,430 

12 

0 8 


Chant6 


1912 

3,320 

78 

2 4 

1913 

3,570 

84 

2 4 

1914 

3,350 

66 

2 0 

1915 

2,518 

36 

1 4 

1916 

1,400 

8 

0 57 


Rud Virchow-Krankenhaus, WochenennnenhEim am Urban, Wochenerinnenheim 

Norden 



2,942 

57 

2 0 

1913 

3,464 

42 

1 2 

1914 

3,496 ' 

40 

1 2 

1915 

3,511 

42 

1 2 

1916 

2,462 

25 

1 0 
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Zangemeister made a very detailed study of this question and found 
that for the period January 1, 1911 to June 30, 1915, the incidence of 
eclampsia was 1 in 70, whereas during the period of July, 1915 to 
December, 1916, it decreased to 1 in 104 (These figures are based 
on the statistics of the various German clinics) Hmselmann, on 
totaling all cases from lying-in hospitals reported m the literature, 
concludes that the incidence before the war was 1 in 69 5, dunng the 
war 1 in 118 4, and after the war 1 in 78 6 Furthermore, the total 
inadence of eclampsia throughout the country also showed a marked 
deacase during the war The statistics for Baden indicate that the 
frequency before the war was 1 in 595, dunng the war, 1 m 961, and 
after the war 1 in 631 

Sachew also mvestigated the inadence of eclampsia by months 
dunng the years of the World War, and observed that it decreased 
greatly during the last years of the war, when the diet consisted mainly 
of carbohydrates This author is of the opinion that meteorlogical 
conditions also had some effect on its frequency, because the w'ct 
montlis produced more cases, probably because of mterfcrence with 
the excretory functions of the skin In Sweden, dunng 1917-1918, 
when tliere was a control of food supplies, Grocne found a distinct 
decrease in the frequency of eclampsia On the other hand, Bublits- 
chenko, observing the cases of eclampsia for a penod of ten jears 
ending 1922, in Petrograd, Russia, noted that the incidence increased 
during the war, contrary to the findings in Germany, France and 
England, and this notwnthstanding the revolution and long penod of 
famine His observations speak against the theory that the decrease 
m protein and fat, and the increase in carbohydrates in the diet was 
responsible for the diminished inadence 

Various reasons have been advanced to explain this lowered ina- 
dence dunng the World War, and the one most generally given is the 
change in character of the diet incident to the war The women un- 
doubtedly received a relatively low percentage of protein and fat, 
with a corresponding increase in carbohydrates, in contrast to the 
soldiers who were well fed 

But there were other factors, sucli as inefficient conveyance, and the 
aowded conditions of the hospitals, that may explain the lowered 
incidence of eclampsia during the years of the war Wc know that 
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eclampsia is very common in Glasgow and its surrounding country 
Hmselmann wntes that in Germany, with a population of 60 million, 
there are about 2484 cases of eclampsia every year, while Eden reports 
the total incidence in Great Britain as 2800 among a population of only 
about 40 millions 

Injlmjice of war One of the interesting by-products of the World 
War, was the observation that the incidence of eclampsia was greatly 
reduced in the countnes affected by the so-called hunger blockade, 
and gradually returned to the usual figure after the blockade was 
lifted Thus Ruge reports that in the University clinic m Berlin, 
there were 15 cases of eclampsia in 1916 as compared with 45 cases in 
the year precedmg the war Mayer, Warnekros, Schulein, v Jaschke, 
Zangemeister, Davidson and Miller, all report a lower mcidence of 
eclampsia during this period The figures of Warnekros are very 
indicative and are given in detail 


VEAR 

BIRTHS 

ECLAMTSIA 

PER CENT 

Universitats-Frauenklmii:, Berlm 

1910 

1,476 1 

62 

4 2 

1911 

1,775 

56 

3 1 

1912 

1,868 

59 

3 2 

1913 

2,004 

52 

2 6 

1914 

1,994 

51 

2 6 

1915 

1,794 

32 

1 8 

1916 

1 1,430 

12 

0 8 


Chants 


1912 

3,320 

78 

2 4 

1913 

3,570 

84 

2 4 

1914 

3,350 

66 

2 0 

1915 

2,518 

36 

1 4 

1916 

1,400 

8 

0 57 


Rud Virchow-Kranhenhaus, Wochenermnenheim am Urban, Wochenennnenhenn 

Norden 


1912 

2,942 

57 

2 0 

1913 ! 

3,464 

42 

1 2 

1914 1 

3,496 ' 

40 

1 2 

1915 

3,511 

42 

1 2 

1916 

2,462 

25 

1 0 
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Zangemeister made a very detailed study of this question and found 
that for the period January 1, 1911 to June 30, 1915, the incidence of 
eclampsia i\aS 1 in 70, whereas during the period of July, 1915 to 
December, 1916, it decreased to 1 m 101 (These figures are based 
on the statistics of the various German dimes) Hmsehnann, on 
totaling all cases from lying-in hospitals reported m the literature, 
concludes that the incidence before the war was 1 in 69 5, durmg the 
war 1 in 118 4, and after the war 1 in 78 6 Furthermore, the total 
incidence of eclampsia throughout the country also showed a marked 
decrease during the war The statistics for Baden indicate that the 
frequency before the war was 1 in 595, during the war, 1 in 961, and 
after the war 1 in 631 

Sachew also mvestigated the mcidence of eclampsia by months 
dunng the years of the World War, and observed that it decreased 
greatly dunng the last years of the war, when the diet consisted mainly 
of carbohydrates This author is of the opinion that meteorlogical 
conditions also had some effect on its frequency, because the wet 
months produced more cases, probably because of mterference with 
the excretory functions of the skin In Sweden, durmg 1917-1918, 
when there was a control of food supplies, Groene found a distinct 
decrease in the frequency of eclampsia On the other hand, Bubhts- 
chenko, observing the cases of eclampsia for a period of ten years 
endmg 1922, in Petrograd, Russia, noted that the incidence increased, 
during the war, contrary to the findings m Germany, France and 
England, and this notwithstanding the revolution and long period of 
famine His observations speak agamst the theory that the decrease 
m protein and fat, and the increase in carbohydrates in the diet was 
responsible for the diminished inadence 

Various reasons have been advanced to explain this lowered ina- 
dence dunng the World War, and the one most generally given is the 
change in character of the diet mcident to the war The women un- 
doubtedly recaved a relatively low percentage of protein and fat, 
with a corresponding inaease in carbohydrates, m contrast to the 
soldiers who were well fed 

But there were other factors, such as inefficient conveyance, and the 
CTowded conditions of the hospitals, that may explain the lowered 
incidence of eclampsia durmg the years of the war We know that 


icEOiccfE, % oL nn m i 
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eclampsia is approximately many tunes more frequent among primi- 
parae than multiparae, and it is possible that a change in the ratio of 
primiparae to multiparae might have taken place during the war. 
Hmselmann gives the figures for Baden, showing that such a change 
did not take place during the war 


Penod 1905-1914 

Penod 1915-1918 

Penod 1919-1920 


Primiparae 

14390 

Multiparae 

“ 51140' 

Primiparae 

7605 

Multiparae 

~ 26947' 

Prmuparae 

18728 

Multiparae 

~ 35427' 


(Primiparae = 22 per cent) 
(Primiparae = 22 per cent) 
(Primiparae = 53 per cent) 


From these figures it is evident that there was no greater relative 
decrease in primiparae than in multiparae during the war, and 
consequently the decline in eclampsia cannot be explained by a 
change in that ratio Hinselmann’s statistics for the post-war period 
are exceedingly interesting, and indicate that the marked increase in 
primiparae, from 22 per cent in 1915-1918 to 53 per cent in 1919-1920, 
should have resulted in a much greater occuirence of eclampsia than 
was actually observed He reasons that the same factors which were 
responsible for the decline of eclampsia during the war, may still have 
been operating in the years immediately following it. The incidence 
of eclampsia m tlie post-war period is about the same as in the pre-war 
period, undoubtedly the result of two neutralizing factors, the great 
predominance of primiparae over multiparae tending to augment 
greatly the number of eclamptics, and the “war factor,” in which diet 
perhaps played some role, tending to decrease the frequency of the 
disease 

In the clinic at Bonn, there was a slight relative increase in the 
number of primiparae during the war, and a still furtlier increase in 
the years following the war Also in the State of Hamburg, Hinsel- 


. , primiparae 

mann found an inaease m the 


for the years following tlie 


war, as during 1917-1918 primiparae made up 34 per cent of the total 
deliveries, while for 1919 to 1922 this percentage increased to 50 
Parity As early as 1768 Denman observed that there was a differ- 



TOXEMIAS OE HtEGNANCX 


67 


ence in the madence of eclampsia among pnmiparae and multiparae 
Velpeau m his text-book, published m 1835, states that eclampsia is 
more common among prmuparae, and quotes Memman as reporting 
36 cases of eclampsia in primiparae, as agamst 12 among multiparae 
All miters on midwifery from that time on have recognized this fact, 
and recently Zangemeister, in studying a large series of deliveries 
found 442 cases of eclampsia in 92,122 pnmiparae, as compared mth 
180 among 291,718 multiparae, an incidence of 1 in 209, and 1 in 1621 
respectively Hinselmann, likewise, has aggregated the figures of 
Lantos, Knapp, Bidder and Spitzbarth and estimates the frequency of 
eclampsia at 1 m 68 pnmiparae and 1 m 400 multiparae Although 
the figures of the latter author show a generally higher incidence, the 
ratio of pnmiparae to multiparae is approximately the same as given 
by Zangemeister 

Types Eclampsia may occur during pregnancy, labor or the puer- 
perium If it occurs before the patient has reached term, is followed 
by recovery, with normal labor subsequently, it is called intercurrent 
eclampsia, a term mtroduced by Lichtenstein If the patient is not 
m labor, we designate it antepartum eclampsia, if it supervenes dunng 
labor, intrapartum eclampsia, and if during the puerperium, post- 
partum eclampsia The relative incidence among these three types, 
antepartum, intrapartum, and postpartum vanes greatly, and it 
IS generally stated that the antepartum and intrapartum types 
are the most frequent Schroder in 1882 stated that antepartum 
eclampsia formed 19 6 per cent of alt cases Schaute gave 13 5 per 
cent for antepartum, 59 8 per cent intrapartum and 26 7 per cent 
postpartum Olshausen found 30 per cent antepartum, 56 per cent 
intrapartum and 14 per cent postpartum Wilhams, on the other 
hand, gives the greatest frequenty for antepartum eclampsia, and 
Eden holds similar views The former gives an incidence of 55, 22 and 
23 per cent for the three types respectively, and the latter, 61 5 , 
19 2 and 19 3 per cent Hinselmann, in summmg up the figures from 
all available sources, found antepartum eclampsia in 26 per cent, 
intrapartum in 53 per cent, and postpartum eclampsia in 21 per cent 
Williams comments on this discrepancy, and states that most writers 
fail to remember that eclampsia usually appears before the estimated 
date of delivery and that utenne contractions frequently set in with 
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the first convulsion, in other words, he contends the eclamptic seizure 
may produce labor, and although the patient is in labor when first 
seen, the eclampsia had actually antedated the labor and is therefore 
of the antepartum variety This appears to be a valid argument, and 
we are probably safe in concluding that about one-half of all cases of 
eclampsia are of the antepartum type, and that the other two forms, 
intrapartum and postpartum, are approximately of equal frequency 

Multiple pregnancies are viewed as predisposing factors in the out- 
break of eclampsia As early as 1824, Miquel-Cerutti regarded hy- 
dramnios, monstrosities and multiple pregnancies as causative factors 
m the development of eclampsia Williams writes ‘'twin pregnancy 
and hydramnios appear to act as predisposing factors in the develop- 
ment of eclampsia ’’ Zangemeister states that while m normal indi- 
viduals, multiple pregnancy occurs once in 79 births, in eclamptic 
patients it occurs once in 15 births, in other words, five times more 
frequently than m normal pregnancy Likewise, Hinsehnann, in a 
comprehensive series of 7645 cases of eclampsia, found that multiple 
pregnancy occurred once in every 15 7 cases, in other words, an ina- 
dence of 6 per cent Bumm states that multiple pregnancy and hyda- 
tidiform mole predispose to eclampsia, but hydrammos does not 

Age and mode of Ivotng Studies have been made to attempt to 
ascertain the relationship between the occurrence of eclampsia and 
the age of the patient Shroder, m 1882, wrote that there is no age 
limit for eclampsia A summary of the figures of Buttner, Bidder, 
Hammerschlag and Spitzbarth, shows that 90 2 per cent of all cases 
of eclampsia occur between the ages of 14 and 30, and 9 8 per cent 
after 30 years Schauta observed that most of his eclamptics occurred 
before 30 years of age, and that the age of predilection is between 
21 and 25 years of age 

We have already noted that eclampsia occurs about 8 tunes more 
frequently among primiparae than multiparae, and when it is borne 
in mind that the majority of first pregnancies fall between the ages 
of nineteen and twenty-four years, we can readily see why the mcidence 
of eclampsia is so very high at that penod 

There is some difference of opimon as to whether the mode of hving 
has anything to do with the incidence of eclampsia The older authors 
were of the opinion that it occurred less frequently among the poor 
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people than the well-to-do Bard, in 1815, wrote that women “m the 
higher spheres of hfe, who have been dehcately bred and who mdulge 
themselves m a dissipated and luxurious hfe, are much more liable to 
these dreaded and fatal diseases than the hardy inhabitants of the 
country ” We agree with him that eclampsia is more frequent m the 
large cities than m the country 

Gehler m 1798 said that eclampsia is particularly common among 
the delicate city women who have a disposition towards this disease, 
acquired by heritage or as a result of their sedentary mode of Imng, 
avoiding every act they are not accustomed to, and that the disease is 
rare among the country classes Velpeau and Bluff, in 1834, expressed 
sunilar views 

In our own times, Hammerschlag found eclampsia more frequent 
m the aties than in the country and estimates that there is only one 
eclamptic for every 1800 births m the latter as compared with 1 in 
286 in the former 

Gessner has called attention to the fact that durmg the war, women 
did more work than before the war, and that better nutrition fostered 
by a more active hfe may have been a factor m the lowered incidence 
of the disease during the war 

Erroneous conclusions may easily be drawn as to the effect city-life, 
country-hfe, or the mode of hvmg may have on the inadence of 
eclampsia, because of factors that do not lend themselves to ready 
investigation Many patients are referred from the country to the 
city doctor for delivery, record of disease or cause of death is often 
incomplete in deliveries outside the hospitals, and the exact manner 
of living of the patient is often not known Nevertheless, Kosmak is 
probably fully justified in saying that “eclampsia is as prevalent 
among the poor as among tlie well-to-do It is probably even more 
prevalent among the poor, unless proper supervision is maintained,” 
and our expenence is that in Baltimore it occurs most frequently 
among ignorant negroes who are too unintelligent to take advantage 
of the opportunities for efficient prenatal care 
Recurrence Eclampsia may recur m subsequent pregnancies, al- 
though the disease undoubtedly confers a relative immunity Den- 
man in 1768 noted that eclampsia recurred in certain women Bumm, 
m the last edition of Ins text-book, wrote that about ten per cent of 
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eclamptic patients have a second attack in a subsequent pregnancy 
He differentiates between ‘‘widerholte Eklampsie” and “rezidivierende 
Eklampsie,” the former denoting the occurrence of eclampsia m the 
same individual in a subsequent pregnancy, while the latter means 
repeated attacks of eclampsia durmg the course of a single pregnancy 

Wilhams writes “In my experience, a woman who has had eclampsia 
is less disposed to the disease in future pregnancies, than one who has 
never had it.” 

Hmselmann collected all available statistics on this question, and 
came to the conclusion tliat there is a recurrence in only 1 92 per cent, 
or, to express it another way, he states that in 10,000 cases of eclamp- 
sia recurrence m subsequent pregnancies wiU be noted in 192 

Ecr/y and late eclampsia Although eclampsia usually occurs dur- 
ing the latter third of pregnancy, the disease has been observed in the 
first half of pregnancy. Ebeler, m 1911, collected from the literature 
on eclampsia, 55 cases which had occurred during the first half of preg- 
nancy, and Bourne reported a case at the twenty-fourth week of preg- 
nancy Futh m 1928, reviewed the cases of early eclampsia already 
recorded, and reports a case of his own at the fourth month, which at 
autopsy showed typical eclamptic hver lesions and glomerulonephritis 
His patient was twenty-two years old, and in the fourth month of her 
first pregnancy she developed two convulsions A dead foetus was 
removed, and the convulsions recurred The patient died five and 
three quarter hours after the first eclamptic convulsion At autopsy 
It was found that there were no gross lesions m the brain, and only 
shght changes in the liver and kidneys Futh beheves this to be a 
case of true eclampsia 

In a personal communication, E D Plass described a case of eclamp- 
sia in the early half of pregnancy The patient, aged sixteen, white, 
was admitted to the hospital after havmg had 17 convulsions and 
ha^nng been semi-comatose between attacks The convulsions were 
preceded by epigastric pain and vomiting She was treated conser- 
vatively along the lines proposed by Stroganoff, and improvement 
followed A macerated fetus was passed seven days following the last 
convulsion Plass sums up the patient’s history as follows It 
would seem that a diagnosis of eclampsia is justified on this patient 
The history of convulsions is clear, the patient was admitted m coma. 
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there was albumin in the urine, and the fetus apparently died at the 
fimp of the attacks The absence of oedema, the normal blood pres- 
sure and the fact that there iv ere no convulsive attacks after admission 
do not seem to me to overweigh the other positive facts It is regret- 
table that the patient did not remain in the hospital for further kidney 
function tests ” 

Eclampsia has also been reported as occurring weeks and even 
months following delivery To my mmd it is extremely doubtful 
whether convulsions appearing four days or more after partuntion can 
be considered due to postpartum eclampsia, and hysteria, epilepsy or 
meningitis usually ivill be found to be the underlymg cause m such 
cases Most, if not all, cases of postpartimi eclampsia occur within 
the first two days following labor 

Const! tiitwii For many years it has been thought that constitu- 
tional factors may predispose toward the development of eclampsia 
Early references to this may be found in the work of BluB, Naegele, 
Spath, Hohl and Scanzoni In 1891 Schroder wrote “Es schutzt 
kcin Alter und kein Stand vor der Eklampsie Schlechte Ernahrung 
und Anamie geben kcine Disposition dazu, im Gegenteil sind es beson- 
ders haufig vollblutige, mit starkem panmculus adiposus versehene 
Erstgebarende ” 

Ehnsehnann states that both delicate (zarte) and strong women 
may have eclampsia, and that no outward body appearance seems to 
be a predisposing factor in the development of eclampsia On the 
other hand he believes that the structure and function of the different 
organs of the body, considered as a whole, may give us information 
as to its inadence, and lays stress on the hemopoietic system, and 
particularly the vascular volume Brugsch estimates the heart vol- 
ume from the transverse diameter of the heart, as measured by the 
X-Rays The heart volume is supposed to bear a definite relationslup 
to the trunk volume, and the latter maj be estimated by the formula 

Trunk lengtli X (chest circumference) 

4 IT 

Normally the heart volume should be from 1/50 to 1/34 of the trunk 
volume Although the heart volume maj not actually be smaller in 
eclampsia, Hinselmann believes that the total vascular volume may be 
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a factor in tlic production of cclampsiaj and lias developed a formula 
to express such a probability He starts with the equation of Hueppe 
and Brugsch, which states that the illness equals / (C p), where /is a 
constant, C the constitution and p the agent producing the disease 
Since pregnancy is the agent responsible for the eclamptic state, 
eclampsia — f (C S), where S represents pregnancy 

Hinselmann further modifies this formula so that finally, 

Eclampsia =/ {(5o TP/) Mgj aj (^fa?)/?) 

where 5 represents pregnancy, W, labor pains. Mg, vascular system, 
a, outside circumstances; Ma, possible impaired function of other 
organs, o, indispensable factors, and/, optional factors 

Bubhtschenko recently made a constitutional study of a large num- 
ber of edamptic patients and found that they present certain consti- 
tutional characteristics, such as small stature and great body weight 
Jsaaksohn, as well as Sserdjukoff and Melnikoff observed that eclamp- 
sia was particularly common in the so-called pyknic type (large head, 
chest and abdomen, with tendency to obesity, and relatively small 
extremities) Sserdjukoff and Melmkoff found that 3 5 per cent of 
pregnant women belonging to the pyknic group had eclampsia, and 
that the disease was also qmte prevalent in the athletic type Ac- 
cording to these authors, a comprehensive study of the significance 
of constitutional factors in pregnancy, labor and the puerperium shows 
that eclampsia IS many times more common in blondes than brunettes 

Aschner beheves that the plethoric type is especially prone to 
eclampsia, and regards the diseases as resulting from a further develop- 
ment of the plethora and dyscrasia of normal pregnancy He states 
that the three factors of first importance in the causation of eclampsia 
are* (1) extreme grade of plethora, (2) extreme degree of pregnancy 
dyscrasia (acidosis), and as a result (3) increased reflex irritability 
(pregnancy spasmophilia) 

Momhiy Frankel in a paper entitled “The Present Status of 
Maternal and Infant Hygiene in the United States” giving the mortal- 
ity figures for 17 states and the District of Columbia, or what is called 
the United States Birth Registration Area, states that the maternal 
mortality for 1917 was 663 deaths per 100,000 live births, and that for 
1924, the figure was about the same This means a total maternal 
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mortality of 1 m 150 Eclampsia and allied toxemias accounted for 
165 deaths per 100,000 births, or approximately 1 m 600 Baker, 
m 1927, rvrote that 27 per cent of maternal deaths m the Umted States 
are due to puerperal albuminuria and convulsions, •while MacMurchy 
states that 22 per cent of the deaths in Canada are due to the toxemias 
of pregnancy Frankel estunates that approxunately 17,000 women 
die in the Umted States every year as the result of child birth, and as 
the toxemias account for about one-fourth of the total maternal mor- 
tality, we may conclude that between 4000 to 4500 women died each 
year from the toxemias of pregnancy 
This figure includes death from vomiting of pregnancy, chrome 
nephritis complicating pregnancy, acute yellow atrophy of the hver 
as well as eclampsia, and as eclampsia is responsible for about 60 per 
cent of the total, it is evident that it accounts for about 2500 maternal 
deaths a year in this country, a figure which is identical •with that given 
by Burns in 1926 Promded the inadence and average mortality rate 
in eclampsia in all other countnes is the same as m the Umted States, 
this would mdicate that about 30,000 women die annually from 
eclampsia throughout the world Should we take the inadence of 
eclampsia as given by Williams, namely 1 in 500, it would mean that 
in 56,000,000 births, the total number of eclamptic patients is 110,000 
a year with a total maternal mortahty of 30,000 or 27 3 per cent 
The maternal mortahty in eclampsia vanes in different clmics and 
in different countnes and this will be taken up more specifically in dis- 
cussing the treatment, but it seems to be a safe estimate that the 
maternal mortality rate approaches 25 per cent throughout the world 
Pathology In 1843 Lever demonstrated that the urine of eclamptic 
patients contained albumm, and this led to the theory that kidney 
lesions were always assoaated •with eclampsia Traube and Rosen- 
stein regarded the kidney changes as resulting from pressure of the 
pregnant uterus on the renal veins Later Schroeder, Ingerslev, and 
others reported cases of eclampsia without albumin in the unne so that 
the uremic origin of the eclamptic convulsion had to be abandoned 
Autopsy will usually reveal the presence of renal changes, but the 
lesions are generally those of degeneration of the epithehum of the 
convoluted tubules, according to Williams Prutz observed kidney 
changes in over 95 per cent in a senes of eclamptic patients who came 
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to autopsy, but is of tbe opmion that the kidney lesions play a second- 
ary part in the production of eclampsia, as they are for the most part 
too slight to be of great significance Schmorl, Barr and others hold a 
similar view Heynemann, on the other hand, is a strong advocate of 
the theory that kidney lesions are fundamental in the etiology of 
eclampsia He believes that the condition in eclampsia is identical 
with the so-called kidney of pregnancy Watson studied three cases 
of eclampsia and found profuse glomerulonephritis m all Fahr has 
given an excellent resume of the hterature covenng the kidney changes 
in eclampsia In his own cases of eclampsia he observed renal fin din gs 
suggesting a tubulo- and glomerulo-nephritis, in other words, primary 
degenerative changes in the tubular epithelium and glomeruli, as 
well as degenerative changes in the arterioles He summarizes the 
pathology of the kidney in eclampsia as follows (1) swe llin g of the 
glomerular loops, (2) albuminous degeneration of the epithelium, (3) 
degenerative (inflammatory) changes in the arterioles, (4) thrombotic 
processes in the vessels, espeaally the glomerular capillaries, (5) 
hemoglobin cylinders 

He further differentiates between the primary inflammatory proc- 
esses, such as glomerulonephritis, m which there is a primary inflam- 
mation of the glomerular capillaries, and the kidney of eclampsia, as 
he does not regard the latter of an inflammatory nature 

Schwarz found similar changes m the kidney of eclampsia, swelhng 
of the glomerular loops, albuminous degeneration of the convoluted 
tubules, hemoglobin cyhnders, degenerative changes m the vessels and 
thrombi m the glomerular loops He holds that the changes in the 
glomeruh are of chief interest, and seem to play the greatest part in 
the kidney lesions The lumma of the glomeruli are narrowed as the 
result of the swelling and the vascular loops appear to be devoid of 
blood Hyaline changes also occur, as well as fat depositions 

Although most cases of eclampsia present renal changes when studied 
in the autopsy room, it does not seem that the kidney lesions are 
characteristic of the disease, and are probably more the result than 
the cause of eclampsia Furthermore, m patients who recover, the 
prompt return of the urine to normal inevitably indicates that the 
renal changes must be relatively trifling 

It IS generally considered that peripheral necrosis of the liver 
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lobule IS a characteristic lesion of eclampsia Pilliet in 1888 described 
this hemorrhagic lesion in the liver of patients dying from eclampsia 
His work was confirmed and elaborated in 1893 by Schmorl, who found 
typical lesions in the hver m every case of eclampsia studied Wil- 
liams, Opie and others regard areas of necrosis involving the periphery 
of the individual lobules and the portal spaces as charactenstic of the 
disease, and do not hesitate to diagnosticate it merely from the presence 
of the lesion At the same tune they admit that the lesion is some- 
times lacking in patients who have died from what was chmcally 
eclampsia For this reason they consider the lesions as a secondary 
manifestation, and not as the cause of the disease In a recent article, 
Bell throws doubt on this concept and states that there is little agree- 
ment in the liver lesions in eclampsia He observed passive con- 
gestion, localized infiltration, acute yellow atrophy, infarction, hemor- 
rhagic necrosis, and cellular infiltration of the portal spaces in his cases, 
but found no typical lesion in all of them He concludes that eclamp- 
sia IS not dependent upon any one type of hepatic lesion Levy-Solal 
and Tzanch are also of the opinion that the pathological findings 
m eclampsia are not characteristic and constant, and they consider that 
eclampsia is not caused by renal or hepatic disorders 
Fahr descnbes the hver of eclampsia as presenting typical changes 
localized m the periphery of the lobules, which are identical with those 
described by Schmorl, and which are characterized by the appearance 
of thrombofibrin in the portal capiUanes, or capillary stasis, and the 
formation of blood spaces and hemorrhages, with cell destruction of 
the parts involved Degenerative changes in the parenchyma, such 
as hyaline and fatty deposits, vacuolization, lymphocytic infiltration 
and more rarely bile stasis and small bile thrombi are also seen 
The brain has been carefully studied in many cases of eclampsia 
Oedema, hyperemia, anemia, thrombosis, and softening are among 
the findings reported Galy-Gasparrou and Labor report a case of 
eclampsia m which the brain was very carefully exammed, and in 
which they found small hemorrhages under the pia-mater and large 
hemorrhages at the falx-cerebn, with small clots in the ventricle 
Although it should be remembered that Volhard thirty-five years ago 
had directed attention to similar changes, Levant and Fortes state 
that the pathology of the hemorrhages in the brain associated with 
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eclampsia is obscure, and that no distinct case of medullary hemor- 
rhage associated with eclampsia has been described 

It has also been supposed that the ureters show pathological findings 
in eclampsia, Halbertsma first pointed out that the ureters are often 
enlarged and dilated m eclampsia and supposed that the condition 
played an etiological part Prutz, however, noted that the ureters 
were abnormal in only 37 cases out of 500 autopsies, and as this inci- 
dence IS not much greater than in normal pregnancy, we agree with 
him in holding that dilatation of the ureters plays no part in the pro- 
duction of eclampsia 

Polak in analyzing 102 autopsies on eclamptic patients, found that 
the heart was involved in 94 The change usually consisted in a 
degenerative process of the myocardium, as described by Schmorl, but 
these are the results of the disease and not characteristic or pathog- 
nomomc 

Giant cells have been demonstrated in the capillaries of the lungs, 
and have been identified as masses of syncytium Schmorl supposed 
that giant cells were associated with the etiology of eclampsia, but as 
they can always be found in the lungs of pregnant women dead from 
any disease, this view is no longer tenable, and their presence is assumed 
to be a result of deportation, which is now regarded as a comcident of 
every pregnancy 

Williams states that the main lesions in eclampsia are found in the 
liver, kidneys, heart and brain, but that with the exception of the le- 
sions in the hver, the anatomical changes are not constant and charac- 
teristic 

Etiology of eclampsia Zweifel has called eclampsia the Disease 
of the Theories’^ and today this is still true The earlier theories 
regarding the etiology of eclampsia are fuUy discussed in the various 
text-books on obstetncs, and will be referred to only briefly in this 
paper In the l7th and 18th centunes eclampsia was regarded as a 
disorder of the nervous system 

In 1820, Meriiman, writing about its etiology, regarded an over- 
loaded state as the cause of eclampsia In 1833, Wilson suggested that 
there was an association between an increased content of urea m the 
blood stream and eclampsia 

In 1840, Payer described albuminuria and when a few years later, 



toxemias of pregnancy 


77 


Lever and Simpson discovered albuminuria m eclampsia, there devel- 
oped the uremia theoiy of eclampsia Freinchs believed that the sud- 
den destruction of the urea m the body was its cause 
The following are some of the theories advanced 1, Auto-mtoxica- 
tion 2, Foetal elements 3, Foetal metabohc products 4, Placen- 
tal products 5, Bactenal mvasion 6, Endocrine disturbances 
7, Biological reactions 8, Alterations m maternal metabolism 
9, Mammary toxemias 10, Diet 11, Amnioticflmd 12, Physical 
chemical changes 

a Auto-^ntoxicalion Bouchard (1887) was the first to speak of 
intoxication or auto-intoxication and beheved the blood of eclamptic 
women to be more poisonous than that of normal persons, and their 
urine less toxic than normal 

It has often been stated that the eclamptic blood is more toxic than 
the blood in normal pregnancy Lash and Welker tested the action of 
blood serum proteins in normal pregnancy and in eclampsia, by inject- 
ing large doses intrapentoneally into animals, but they could find no 
evidence of increased toxicity of the blood serum proteins in the latter 
In general, there are two types of toxins that may produce toxic 
symptoms , first, those substances which are usually present m the body 
in definite proportions and which in the disease appear in increased or 
decreased concentration To this group belong such body constitu- 
ents as sodium, calaum, potassium, magnesium, etc (2) The poison 
concerned may be a substance foreign to the body, and to this group 
nould belong such substances as the split products of the proteins, for 
example tyramine, histamine and ergotamine 
b Foetal elements In 1902, Veit advanced the theory that frag- 
ments of chonomc vilh and foetal ectoderm entered the maternal circu- 
lation and acted as a poison which be called syncytio-toxm This he 
supposed is normally neutralized by an anti-body called syncytio- 
lysm, but when the former is in excess of the latter, eclampsia develops 
He based this hypothesis on the fact that foetal ectoderm and frag- 
ments of chonomc villi are constantly entering the maternal circulation, 
and beheved that he had proved his theory when he found that an 
emulsion of human placenta mjected into the pentoneal cavity of rab- 
bits caused death of the animal, which showed albuminuna 
Hull and Rohdenberg m 1914 suggested that when an excess of 
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foetal elements is thrown into the maternal circulation, it is autolyzed 
with the formation of an excess of leucm, which in turn injures the 
hepatic vessels with resulting thrombosis, cloudy swe llin g, necrosis 
and even autolysis of the liver cells They also considered that the 
renal changes in eclampsia were probably due in part to other products 
of autolysis 

c Foetal metabolic products Fehling and Dienst advanced the 
theory that products of foetal metabolism cause eclampsia The well 
known fact that death of the foetus in utero, or deh'very, often results 
in cure of the disease, made it quite natural to suppose that eclampsia 
may be foetal in origin. The occurrence of intercurrent eclampsia, m 
which complete cure occurs without delivery, speaks against this 
theory. It is generally believed that the death of the foetus in utero 
during eclampsia is followed by cure, but Maurice and Powilewicz in 
studying 94 cases found that in only 23 cases did the toxemia clear up 
after the death of the foetus In contrast to this, they observed that 
in patients who gave birth to living children, the toxemic symptoms 
disappeared shortly after dehvery Seitz states the foetus causes the 
intoxication of eclampsia; while Hirst believes that the toxms of 
eclampsia origmate mainly in the foetus and to a lesser extent m the 
placenta Novak writes that the poison comes from incomplete and 
decomposed substances which are not completely excreted, in other 
words, a metabohc poison. 

Certain investigators believe that because eclampsia can occur 
in cases of hydatidiform mole, the foetus can be ruled out as its cause 
Frey described the case of a pnmipara, apparently six months preg- 
nant, who from the fourth month onward had shown albumm in the 
urine She had some bloody discharge and five convulsions before 
admission to the hospital A cesarean section was performed, a hyda- 
tidiform mole removed, and the patient recovered Similar cases have 
been reported by Folk, Olshausen, Hitschmann, Kroemer, Dienst 
and Sitzenfrey, and Gross Frey suggests that the real cause of 
eclampsia is probably not the poison from the waste products of the 
foetus, but that the disease is due to a disturbed function and an inter- 
nal secretion of the placenta itself Wigger in 1928 reported the eighth 
case of eclampsia occumng in conjunction with hydatidiform mole, and 
holds that the foetus can be ruled out as the cause, but not the placenta, 
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as one still has chorionic epithelium m a mole Consequently he 
does not agree with those who regard the occurrence of eclampsia in 
hydatidiform mole as an argument agamst its placental ongm 
d Placenta Chemisse states that the theory most generally ac- 
cepted at the end of the nineteenth century, attributed eclampsia to 
the presence in the blood stream of a toxin coming from the placenta 
Since that time numerous experiments on the placenta and on 
placental extract have been conducted with the hope of finding the 
causal factor Young has for many years claimed that the toxemias 
of pregnancy are especially associated with infarction of the placenta, 
and has developed his theory of placental autolysis to explain the etiol- 
ogy of eclampsia Moreoever Young and Miller state that the 
placental degeneration is due to interference with its blood supply and 
that absorption of the placental poisons occurs through portions of 
the placenta attached to the uterine wall They further reason 'that 
the toxemia may be associated with placenta praevia or premature 
separation of the placenta Symptoms of eclampsia, they believe, 
are due to the absorption of broken down liver cells and possibly other 
cells, which are killed by the poison commg from the placenta In 
cases of eclampsia where there is no placental infarction, they think 
the changes m the placenta are so mmute that they cannot be detected 
by the microscope, but nevertheless give rise to sufficient toxin to 
cause the disease 

Several authors have studied the relationship of placental infarcts 
to eclampsia, but have failed to detect any definite connection Wil- 
liams believes that placental infarcts when present m cases of eclamp- 
sia should be regarded as accidental findings, or at least as secondary to 
the toxemic condition, and not as its cause as Young beheves 

In 1901 Cocchi had produced lesions m the kidneys and liver, by 
injection of a placental substance Since then placental hormones 
have been described, and the Abderhalden reaction has been devel- 
oped Bory, reviewing the work on placental toxins, concludes that 
physiologic syncytiolysis is the fundamental process in the causation 
of eclampsia The presence in the blood stream of a substance 
which can activate the placental enzyme or toxin, and the absence of 
some mactivating substance, which normally protects the organism, 
he regards as secondary factors 
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Gessner states that the occurrence of eclampsia assoaated with 
hydatidifonn mole made it possible for Veit to develop his placental 
theory, but he argues that since the human race is the only one in 
which eclampsia occurs, although there are many other ammals with 
a placental circulation similar to that of women, we are not justified 
in concluding that the disease is caused by a poison from the placenta 
Moreover in certain conditions large quantities of placental ferment 
may be thrown into the blood stream without the development of 
eclampsia In chronic nephritis, for example, there is usually abun- 
dant infarct formation m the placenta and yet eclampsia is a rare com- 
plication of that condition 

Sehtzky considers that the toxemias are caused by unknown toxins 
coming from the endocrine glands and particularly from the internal 
secretion of the placenta, or from a fimctional modification of ovarian 
secretion 

Ishikawa made an alcohohc extract of the placenta of the rabbit 
and tested its toxiaty He came to the conclusion that an injection 
of such an extract, as well as of the foetus, produces anti-bodies m the 
rabbit and that proteins favor their formation Oettingen and 
Schwoerer take issue with Obata, who holds that eclampsia is nothing 
but an intoxication from a placental poison These authors do not 
beheve in a specific placental toxin, but consider that eclampsia is due 
to the action of a by-product of metabohsm 

In a series of experiments on artificial placental circulation, Delle- 
paine showed that the placental tissue possesses proteo-clastic proper- 
ties which break down complex nitrogenous molecules into amino- 
acidSj and that when large amounts of them are present the placenta 
causes their disappearance He found no corresponding increase in 
ammonia and therefore reasoned that the amino-acids were elaborated 
synthetically From his experiments he further concluded that the 
placenta manifests slight ammonio-genetic, as well as ureo-genetic 
activity. Zweifel found that the injection of foetal and placental 
albumin from one animal into another, of the same species, did not 
cause a hypersensitiveness as one would expect in the development 
of anaphylaxis, and consequently concludes that eclampsia is not due 
to such a reaction 

Stem, Lokchina and Falk tested the permeability of the placenta in 
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rabbits and rats and noted that colloids do not pass from the placenta 
to the foetuses The crystalloids similarly do not pass through, except 
m very early pregnancy They also noted that inhalation of carbon- 
monoxide so changed the permeabihly of the placenta that crystalloids 
would pass through it, while colloids were held back Soh suggests 
that there is a possibihty of the direct escape of foetal blood into the 
maternal curculation, because m eclampsia he noted an alteration in 
the villous capillaries, with dmumshed resistance of their walls For 
this reason he holds that eclampsia Is probably an anaphylactic reac- 
tion Aranjo, on the other hand, regards the placenta as a protective 
mechanism lioth to the mother and to the foetus It has a glycogene- 
tic function, like a sort of uterme bver, which decreases durmg the later 
months of pregnancy when the foetus can take care of its own carbohy- 
drate metabolism The passage of undecomposed fat is unpossible 
He does not beheve m a placental poison itself, but thinks that m 
certam cases the placenta may be insuflScient and therefore fail to act 
as a protection to the mother, and that this msuffiaency may be raised 
by the mjection of placental extracts Chappaz also regards the 
placenta as something more than a mere passive filter, and considers 
it as an actual regulatmg mechamsm determimng what substances 
shall pass between mother and child Moreover, it seems well estab- 
lished from the work of Siemens and Stander, Tyler and Underhill, 
Mendel and Daniels, Wesson, and others that the placenta is impene- 
trable to fats and hpoids Amino-aads and carbohydrates, on the 
other hand, pass from mother and child, and from this it would appear 
that the placenta acts simply as a semipermeable membrane 

e Infechoiis theory The bactenal ongm of eclampsia was sug- 
gested in 1884 by Delore and Rodet, and smce that tune numerous 
wnters have reported the finding of vanous bactena m the unne and 
blood of women suSenng from eclampsia At present, however, no 
one senously believes that there is any basis for regardmg eclampsia 
as due to any specific bacterium 

Talbot hehevcs that the toxemias of pregnancy are always associated 
nith focal infection, and holds on the basis of chmaal observation that 
bacteremia, pyaerma and retro-placental abscess are frequently 
assoaated with the toxemias Ivens is also a firm believer in the 
infectious ongm, and recently Keller further expanded this theory and 
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gave the detailed account of eleven cases of eclampsia in which the 
urine showed bacterial growth He states further that “with all the 
various theories of eclampsia and the site of its origin, the only organ 
which is constantly involved is the kidney In 289 cases observed 
there were kidney symptoms in every one and pathological changes 
in all that went to autopsy DeLee states the theory that eclampsia is 
due to an intoxication, is a toxemia, is most generally accepted, while 
it IS admitted that the source and nature of the poisons are unknown. 
If we knew whether the toxemia came from the liver, the foetus, the 
placenta, the intestines, the general metabolism, disturbed glandular 
balance, from bacterial activity or from any other source, it would help 
our treatment immensely, but as yet we are groping bhndly, empiri- 
cally However up to the present time no one has been able to isolate 
a germ that could be called causative ” 

Loomis writes that it is reasonable to assume that irritation from 
chrome sepsis may be a factor in lowering kidney and hver function 
and so play a role in the production of eclampsia He lays special 
stress on dental abscess as a possible source of chronic sepsis, and al- 
though he does not believe that the dental abscess is the cause of 
toxemia, it may readily play a very important r61e 
/ Eitdocnnes. During pregnancy the thyroid gland hypertrophies, 
and there is also evidence of anatomical changes in some of the other 
endoerme glands Many attempts have been made to associate 
eclampsia with one or other endocrine disturbance Lang, Ward and 
others suggested that failure to hypertrophy on the part of the thyroid 
gland may lead to toxemia of pregnancy Today there is no convinc- 
ing proof that the thyroid is of etiological significance in the production 
of eclampsia, and the same may be said regarding the parathyroid, 
as will be seen under the discussion on calcium metabolism. 

Wilhams and Walhs hold that hyperactivity of the corpus luteum is 
the cause of eclampsia In both menstruation and pregnancy this 
hyperactivity stimulates the thyroid gland to increased activity. 
Sometimes there is overproduction of this substance, when it escapes 
into the blood stream, and according to them causes vomiting of 
pregnancy or eclampsia These authors state that the presence of an 
excess of cholesterol in the blood in pregnanc>^ is very significant, as 
it occurs about the fourth month and at the tune when the corpus 
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luteum IS most active In eclampsia the hypercholesterolemia is more 
marked than in normal pregnancy, and it has been shown that injec- 
tions of corpus luteum extract increase the cholesterm content of the 
blood They regard the mcteased cholesterol content of the blood 
as an attempt by the body to neutralize the toxic substance which 
comes from the corpus luteum They expenmented on rabbits with 
extracts from fresh corpora lutea of the pig and the human being, 
and were careful that the solution contamed no cholesterol, cholm, 
histamme, tyramine, or protein Such extracts injected into anmials 
produced lesions similar to those found m the kidneys of women dying 
from eclampsia, but, in view of the fact that we have already stated 
that the renal lesions in eclampsia are very vanahle m extent and prob- 
ably entirely secondary in character, their arguments do not appear 
very weighty They conclude that the corpus luteum contains a 
chemical compound which can produce necrosis m animals as well as 
other changes similar to those encountered m eclampsia, and that an 
overproduction of this particular substance is the cause of eclampsia 
They were not able to find such a substance in the placenta or in hyda- 
tidiform mole 

Hofbauer advocated the view that hyperfunction of the hypophysis 
and adrenals, resultmg from msufficient secretion of the ovaries, 
caused eclampsia Kustner m testing the various sera as to their action 
on pitmtrm, comes to the conclusion that while normal non-pregnant 
serum has no effect on the action of pituitrin, pregnant and partunent 
serum has a supportmg but not an inhibiting action, while the serum 
dunng the puerpenum has no supporting action, and contams sub- 
stances that soon produce disintegration of the pitmtary pnnciple 
The serum from women with eclampsia has a supporting action and 
only a small inhibitory action From these results, the author con- 
cludes that eclampsia is caused by a hypersecretion of the posterior- 
pituitaiy lobe hormone, or by a defiaency m the antibodies for this 
hormone and perhaps for the hormones of the other endocrmes In 
more recent work on this subject, this author found that there are three 
substances in the blood which effect the action of pituitary substance, 
these are no 1 which helps the action of pituitary, no 2 which in- 
hibits the action of pituitary, and no 3 which completely neutralizes the 
action of pituitaiy pnnciple His conclusions are that while in norma! 
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pregnant serum there is a considerable amount of no 1, none of no 2, 
and a shght amount of no 3, in eclampsia, on the contrary, there is a 
very great amount of no 1, and a small amount of no 3 He thinlcs 
that the toxin causing eclampsia acts on the vessel walls, since the most 
important findmg of eclampsia is hypertension, and that the toxin 
probably comes from a dysfunction of the endocrine glands, and most 
probably from a hyperfunction of the hypophysis 

It may be interesting to learn m this connection that eclampsia has 
been reported following the use of pituitnn Van Cauwenberghe 
observed an outbreak of eclampsia seventeen hours after dehvery m a 
multipara who previously had no albumin in the urine, but who had 
received an injection of pituitary extract at the end of labor Wey- 
meersch has also reported the eclamptic attacks becoming more fre- 
quent and more violent after using pituitary extract But, as pituitary 
extract is routinely used after the third stage of labor m many clinics, 
without any appreciable increase in the incidence of eclampsia, such 
observations must be regarded as purely coincidental 

Kark discusses a possible analogy between acromegaly and eclamp- 
sia, and regards the latter condition as essentially an overfunction of a 
physiological process 

g. Biological reactions Schmorl, Veit, Lubarsch, Williams and 
others have drawn our attention to the fact that throughout the entire 
period of pregnancy, placental or foetal cells enter the circulation of 
the mother, a fact which has led to two further theories concerning 
the causation of eclampsia The first depends upon agglutination and 
hemolysis, and the second upon an anaphylactic reaction 

Dienst in 1905, tried to show that foetal cells invaded the maternal 
organism, and produced changes in agglutination in the blood Mc- 
Quarrie studied the question of iso-agglutmation and found that the 
toxenuas of pregnancy occurred far more frequently when the maternal 
and foetal bloods were incompatible Allen, m a much larger series 
of cases, could not corroborate the findings of McQuame, and holds 
that while interagglutination might possibly eiqilam the occurrence 
of eclampsia in general, as well as its greater frequency m multiple 
pregnancy, it seems difficult to understand its relationship to the 
greatly increased inadence of the disease in pnmiparae Moreover, 
the interagglutination theory cannot explain the occurrence of eclamp- 



toxemias or pregnancy 


85 


sia with hydatidifonn mole, since in the majority of instances the de- 
generated vilh contain no foetal blood Allen studied the iso-aggluti- 
nation characteristics of the blood of 375 normal and 104 toxemic 
women and their new born children He found no evidence that in- 
compatibility IS more frequent m toxemic than in normal pregnancy, 
as IS indicated by the fact that it was demonstrated in 20 8 per cent of 
the normal, and in 21 1 per cent of the toxemic pregnancies Likewise 
he could find no evidence of specific immunization of the mother 
against foetal corpuscles 

Gruhzit, on the other hand, found that in the majority of cases of 
eclampsia, foetal and maternal bloods were incompatible, and he fur- 
ther observed that the blood of the eclamptic had a high viscosity, 
which he beheves is due to the passage of mcompatible blood elements 
from the foetus mto the maternal blood stream This author further 
reasons that the high viscosity of the blood in eclampsia brings about 
a colloidal condition which can produce congestion, stasis and oedema, 
and which in turn brings about lowered body function As a result 
of this lowered metabolism, the hydrolysis of proteins and the oxida- 
tion of carbohydrates are slowed down, resulting in an acidosis High 
blood pressure is also a result of this new colloidal condition of the 
blood Jarzew has also claimed that the mcreased viscosity of the 
blood IS an important factor m the production of eclampsia 

Louros beheves that a primary dilatation of the utenne vessels may 
cause an increased blood pressure m the periphery He, therefore, 
regards the constnction of penpheral blood vessels m pregnancy as 
secondary to dilatation of the abdominal vessels, caused by stimula- 
tion of the vagus In other words, we have to deal with a vago- 
tonia Louros and Schmechel produced dilatation of the blood vessels 
m the region of the uterus m rabbits, and then hgated the hepatic 
vein, with the results that eclamptic-like changes developed m the 
liver Louros thinks there are two types of eclampsia In the fiist 
type there is vagal stimulation from an anaphylactic condition, which is 
gradually produced and compensated for, while m the second tj-pethe 
compensation dots not take place, resulting m a falling blood pressiire 
He calls this second type the anaphylactic form He holds that the 
vagal stimulation is caused by a disturbance in the general metabolism 
which starts in the foetus, and that a viaous cycle emts between 
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metabolism and the vegetative nervous system Moreover, he 
beheves that constitutional factors are of importance, because "women 
subject to vagal changes are prone to eclampsia 

The anaphylactic theory was proposed by Rosenau and Anderson. 
The principle of this hypothesis is that foetal protein enters the mater- 
nal circulation and under certam conditions may cause an anaphylac- 
tic reaction, very similar to that seen in other well-recognized forms of 
anaphylaxis 

Le-vy-Solal and Tzanck produced death in animals by the injection 
of sera of eclamptic women From these sera they isolated two 
active principles, an anaphylactic prmciple causing convulsions, and a 
toxic one which was less severe in action, the anaphylactic principle, 
belonging to the class of antigens Le"vy-Solal described three types 
of eclampsia, kidney eclampsia, hver eclampsia, and anaphylactic 
eclampsia He believes that there axe many cases in which neither 
the kidneys nor the hver are involved, and these he beheves may 
possibly be associated with disturbances of the endocrme glands 
Lawrence likewise states that eclampsia is an anaphylactic 
reaction, and that the convulsions follow failure of antibody pro- 
duction In support of his contention, he mentions the favorable 
results follo-sving attempts to raise the antibody production and to 
decrease the amount of foreign protem m the system According to 
him, colonic irrigation, gastnc lavage and morphine increase antibody 
production, while foetal death, dehvery or venesection may control 
the con-vulsions by checking the production of foetal toxins 

h Mammary Sellheim suggested that the toxic substance causing 
eclampsia is elaborated by the mammary gland and that the disease is 
analogous "with parturient paresis m cows Indeed, he earned his belief 
so far as to amputate the breasts from a patient suffenng from severe 
eclampsia Shortly thereafter, Healy and Kastle announced a 
similar belief and stated that they could produce eclampsia experi- 
mentally by injecting into guinea pigs small quantities of colostrum 
from cows suffenng from partunent paresis, and they even found liver 
and kidney lesions in their animals suggesting eclampsia Wilhams 
is skeptical about theu results Wilson stated that there are the 
following differences between the two diseases (1) partunent paresis 
rarely attacks prmuparous ammals, while eclampsia is particularly 
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common m prumparae, (2) parturient paresis occurs almost entirely 
postpartum, while eclampsia occurs antepartum, intrapartum and post- 
partum, (3) parturient paresis increases m frequency in direct ratio 
with the rate of milk production, while this is not true in eclampsia, 
and (4) there is a glycosuria in partunent paresis but not in eclampsia 
Harding, Murphy and Downs m a manuscript sent to the author, and 
which will be published shortly, give an excellent review of the subject, 
and state that since the work of Wilson the mammary theory has fallen 
into disfavor, although there are still some investigators who believe 
that It may prove of assistance Schmidt m 1897, showed that by tlie 
injection of a small amount of potassium iodide mto the udder the 
mortality in partunent paresis may be greatly reduced, and the present 
practice of inflating the udder with air has almost entirely done away 
with the mortahty of the disease Greig and Browne have recently 
been expenmenting to find a sunple means of inflating the human 
breast, although Harding and his co-workers conclude that it is un- 
likely that eclampsia in women is analogous to partunent paresis in 
cattle 

Pierrson on the other hand believes that the two diseases have so 
much in common, that it may be assumed that tlie same etiological 
factor underlies both He believes that this consists in an over abund- 
ance of foetal nourishment in the maternal blood, and further suggests 
that repeated expression of the colostrum from the mammary glands 
might act as a prophylactic measure 

j Diet Diet has many times been under suspicion as tlie cause of 
eclampsia Tweedy in 1913 suggested that ordinary food becomes 
poisonous during pregnancy and may give nse to eclampsia He was 
led to this belief by the fact that women who partake of food, even in 
small quantities, often had a recurrence of the convulsions Tweedy 
reasons that the antibodies in whole blood not only guard against 
bactena, but also against products of digestion which may have 
entered the blood stream He holds that the antibodies are stimu- 
lated by an antigen, which is present in colostrum, and that they have 
to hyperfunction, as it were, dunng pregnancy, as they are called upon 
to neutralize the foreign protein which gams access to the maternal 
blood stream from the ovum Tw eedy thinks that correctness of such 
a view is proven by the Abderhalden tests Should the maternal 
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antibodies be unable to handle the food particles coming from the diet, 
as well as the protein coming from the foetus, the result may be serious 
and the patient develop eclampsia He explains postpartum eclamp- 
sia on the theory that the mother’s intestine contained food at the 
time when the convulsion developed 

SeUheun writes that eclampsia is more common in those who live 
on an animal diet, than m vegetarians Reference has already been 
made to the fact that during the war the incidence of eclampsia fell, 
and this was attributed to the lack of protein and fat in the diet 
Ruiz-Contreras argues that since eclampsia occurs less frequently 
among the poor than in well-to-do patients, and smce the incidence 
was less during the war, when there was a shortage of food, particularly 
in meat and eggs, the cause of eclampsia must be sought in the diet. 

In a personal communication Bethel-Solmons, regardmg the etiology 
of eclampsia writes as follows “We know that certain foodstuffs 
disagree with certain people, though they are perfectly harmless to 
others Even the capacity of an mdividual to assimilate a certain 
food, changes, so that a food, which at one time may be taken with 
impunity, at another time acts as a virulent poison Such changes 
are not uncommon in pregnant women It is well known that all 
foreign proteins must be changed by the ferments of the body before 
they can be assunilated, and if they are absorbed without undergoing 
such change, they act mstantly as most virulent poisons Eclampsia 
may be explained in this way 

Food Poisons plus Toxins of Pregnancy 


Enough ferment for both 

I 

No toxaemia 

Excess of Food Poisons (ammo-acids etc ) + Toxins of Pregnancy 


Insufficient ferment for both, i e , fennent used up for Pregnancy Toxins 

No neutrahzation 

I 

Toxaemia 
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“On entering the body, this tox-albumin must be neutrahzed by the 
ferments (anU-bodies) already present, if its destructive effect is to be 
avoided 

“It IS reasonable to conclude that the ferments which eflfect this neutraliza- 
tion are those which fix the amino-acids denved from food These aads 
are not mexhausbble, as proved by the sickness and exliaustion which may 
follow the ingestion of certain food, such as eggs and lobsters Similarly, 
w'e may suppose that the ferments are used up m the effort to counter the 
placental toxin, and the blood in this exhausted state can no longer deal 
effectively with additional food particles, the derivatives of which will now 
act as an irritant poison, destroying either directly or indirectly, the liver 
and kidney cells, and bringing on the w ell knowm symptoms of eclampsia 
It must not be forgotten that the imtant poison present m the blood at this 
stage cannot be eliminated until its corpuscles get broken up mto some less 
harmful product, such as urea The absorption of these foreign proteins in 
this unprepared state, is the deterimning factor in eclampsia This seems 
to us a complete explanation, which is controverted by no known chnical 
fact, and further, is certainly much more fruitful for purposes of treatment 
than any that has previously been put fonvard 

“Our views may be summed up by the following tables which show that 
if toxin enters the blood stream by chonomc villi in blood sinuses or from 
placental infarcts, and accompamed by excess of food, toxaemia results ” 

] Renal ongin Volhard who has done a great deal of work on the 
vanous forms of nephritis, regards eclampsia as a form of acute uremia, 
and has proposed the term “eclamptic uremia ’’ He believes that the 
convulsions may anse independently of the kidney function, and are 
due to general vaso-constnction, which is evidenced by the increase in 
blood pressure, which leads to ischaemia and oedema of the brain 
Paramore holds that the kidneys are always implicated m eclampsia, 
and that the convulsions are preceded by renal dysfunction A 
diminished output of urine is a constant finding in the pre-eclamptic 
state, but he further reasons smee women with chrome nephritis rarely 
develop eclampsia, that eclampsia must depend upon some other factor 
than inefficient kidneys, and that this may be found in an inefficient 
liver Paramore believes that eclampsia is simply an uremia, in others 
words a pathological state characterized by a rise of mtrogenous waste 
or by-product m the blood, due to impairment of the liver or kidneys, 
or both He is convinced that as the result of the rapid enlargement 
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of the uterus the intra-abdominal pressure is increased in pregnancy 
and more especially in primiparae, and he holds that the incidence of 
eclampsia is in relationship with this increased abdominal pressure 

Fitzgibbon believes that the pathological findmgs in eclampsia 
and other forms of toxemias of pregnancy are identical and that a 
subacute nephritis is present in all cases The cause of the toxemia or 
eclampsia is an extra demand on the organs of ehimnation and the 
failure of these organs to keep pace with the excretory demand Casa- 
mada, on the other hand, writes in 1928, that there is no association 
between eclampsia and kidney toxemias 

Poten in a recent article states that eclampsia is primarily due to 
renal insufficiency, and this is m turn due to dilatation of the ureters 
He has devised a treatment which consists m performing a temporary 
ventral suspension of the uterus after dehvery m order to avoid pressure 
on the ureters He does not believe that eclampsia is caused by a 
placental poisoning, because of the fact that we very seldom, if ever, 
see eclampsia in the child, although the placenta is common to both 
circulations 

k. Oedema tlieoty. The hypothesis that oedema and actual anemia 
of the bram are the etiological factors in the production of ecahnpsia 
was first proposed by Traube and Rosenstein, m 1864 Straus and 
Widal think that salt retention causes oedema, and it is on this basis 
that Zangemeister has developed his theory that eclampsia is caused 
by oedema of the bram, and that m this disease the actual poison is 
water He believes that the blood vessels become more permeable 
during pregnane)’’, so that water accumulates in the tissues "with the 
result that the extra-vascular pressure increases, and that the intra- 
vascular pressure does not rise proportionately With the increasing 
extra-vascular pressure there will be produced in the brain, decreased 
blood supply This decreased blood supply means insufficient oxygen 
and imperfect nutrition of the bram cells, so that anaermc areas result 
The process goes still further until areas of necrosis actually develop 
Somewhere in the development of the latter, there will be an irritative 
stage in which the brain cells fail to receive the proper nutation, and 
these “irntative” areas cause tome and dome muscular contractions 

Zangemeister thinks that at an early stage in this sequence of events 
w’ater accumulates in the tissues, resulting in an abnormal increase in 
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the body weight He consequently lays great stress on watching the 
increase of weight during gestation, and whenever it is much in excess 
of the normal limits, regards it as a danger signal Damaged kidneys 
may play a part in the dummshed output of urine and thus further 
accentuate the increase m body weight It is mteresting to note that 
all authors consider a certain degree of oedema as an almost umversal 
accompanunent of pregnancy Thus, Fink found it to some degree in 
95 per cent of a series of 350 patients He does not regard this as due 
so much to disturbed kidney function, as to an abnormal balance of the 
activity of the cells, as far as water metabolism is concerned He 
thinks that this abnormal cell reaction to water may be assoaated with 
the action of various hormones and internal secretions which are pre- 
sumably increased durmg pregnancy 
Wieloch made a study of 213 patients m order to determine the role 
of oedema in the causation of eclampsia He beheves that the pnmaiy 
cause of oedema is injury to the capillary endothelium According to 
Zangemeister the increase in the blood pressure is of extra renal origm 
and IS due to stunulation of the vasomotor centers through increased 
cerebral pressure, the latter in turn resultmg from oedema of the 
brain 'Wieloch concludes that the cerebral pressure theory explains 
the convulsons, as well as the headache, vomiting and fever 

/ Capillary spasm Haselhorst examined the capillaries m normal 
non-pregnant, as well as m normal and abnormal pregnant women, and 
found that m eclampsia they are widened and lengthened, and that the 
blood corpuscles circulate through the capillanes in an irregularway 
with frequent periods of stasis He has also demonstrated these 
changes by means of nucrophotographs taken three to ten weeks after 
delu ery, and has also observed the occurrence of spasm in the capil- 
laries of the eye dunng eclampsia 

Hinselmann, Nevermann, and Heynemann have made similar 
studies of the capillaries in eclampsia and have confirmed his results 
Haselhorst beheves that the spasm of the capillaries is the result of 
disturbance of the vascular nervous system, and is not due to an 
organic change in the vessel itself Heynemann is also a firm believer 
in spasm of the vessels, but does not think that their cause has been 
definitely established 

Wasclietko and Seletzky made studies on rabbits before and after 
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irntation of the cerebral cortex by means of an electric current. After 
the experiment had been repeated several times on the same animal at 
intervals of less than three days, they found that a small electric charge 
is required to cause convulsions, in other words, the cerebral cortex is 
labile to the electric stimulation On the other hand, if the anunal is 
allowed to rest for seven or more days after the expermient, as great a 
charge is required to bring about convulsions as at the first experiment 

m Oxygen deficiency. Halbertsma beheves that a deficiency of 
oxygen is the immediate cause of eclampsia, Rodenaker also regards a 
disturbance of oxidation as the exciting cause, and holds that the oxidiz- 
ing power of tissues normally decreases towards the end of pregnancy 
and that in eclampsia it falls far below the normal level. 

Hochenbichler regards eclampsia as an acidosis, due to lack of oxy- 
gen, and has demonstrated that a lowered bicarbonate reserve m the 
blood can be raised after exposure to ultra-violet hght. He therefore 
recommends its use m treating eclampsia Stander, in discussmg the 
significance of the increased lactic acid of the blood in eclampsia, stated 
that whatever theory ultimately explains the etiology of eclampsia will 
have to take decreased or deficient oxidation into account He con- 
siders this phenomenon as the most fundamental finding yet discovered 
in eclampsia 

n Nervous origin Elwyn has suggested a new explanation for the 
cause of eclampsia, which is based on his belief that there are two 
neuro-muscular mechanisms, one regulating vaso-constriction, and 
the other the contraction of the uterus Both mechanisms are con- 
trolled from the midbram and the impulses from these high centers 
travel by way of the thoracicoliunbar outflow of the sympathetic 
nervous system He believes that with the progress of pregnancy the 
irritabihty of the whole neuro-muscular mechamsm for uterine contrac- 
tion has become increased, and because of the proximity of the two 
centers, the mcreased irritability spreads to the center for vaso-constric- 
tion. This then leads to an mcreased irritability of the entire neuro- 
muscular mechamsm of the arterial system, so that the arteries 
pass into a state of tome contraction As a result general arterial 
spasm develops and may lead to eclampsia He regards this theory as 
particularly fitted to explain the mode of production of postpartum 
eclampsia 
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Other theones, based on the effect the ammotic fluid may exert, on 
changes m the size of the protem particles, or on even more phenomenal 
changes, have been suggested, but unaccompanied by suffiaent expen- 
mental or clmical data to warrant discussion m this paper 

0 Liver m eclampsia At the end of the eighteentli century, Jurgens 
demonstrated that eclampsia was assoaated with liver changes, follow- 
ing which Pinard developed a theory that liver changes were associated 
with the etiology of the disease, “hepatotoxemie gravidique ” The 
French authors of that time also spohe of “Insuffisance hepatique ” 
Hofbauer in 1907 described what he thought was a typical liver of preg- 
nancy, charactenzed by fat infiltration in the cells m the central part 
of the lobule, disappearance of glycogen, and dilatation of the bile 
channels, central vein and afferent capillanes, and consequently 
believed that it was normally m a state of dmunished resistance How- 
ever, several later mvestigators failed to confirm Hofbauer’s findmgs 
(Schickele and Hemreichsdorf} Opitz and Hememann found that 
there is frequently an abnormal deposit of fat in the liver and on this 
basis It may be justifiable in speaking of a liver of pregnancy SchicL- 
ele has also shown fatty infiltration m the liver of pregnant animals 
According to Basilevie and Jancenko, there is a disturbance of hver 
function in pregnancy, as shown by a decrease in the surface ten- 
sion of the unne 

During the past ten years a great deal of work has been done on 
methods to determine hepatic function Saitz studied the liver 
function in 25 normal pregnant women and observed that the excretion 
of unc aad is increased m 84 per cent, and ammoma and ammo acids 
increased in 88 per cent Bilirubm was mcreased m the blood in 8 per 
cent of the patients, while urobilin was increased in the unne m 64 per 
cent He also noted an mcrease in cholesterol m the blood as well as a 
change in the carbohydrate metabohsm as shown by the fact that a 
longer penod is requited for the assimilation of levulose, than in normal 
non-pregnant women He does not know whether the changes are due 
to the hver, and concludes that one is not justified in definitely 
recognizing such an entity as the “liver of pregnancy ” Kolmer, on 
the contrary, after examining a large senes of fixers microscopically, 
IS convinced that there is such an entity The phenoltetrachlor- 
phthalein test developed by Rosenthal, has been used by many investi- 
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gators In the toxemias of pregnancy, Smith found that retention of 
the dye occurs in eclampsia and pre-eclampsia, but that its degree does 
not appear to be an mdex of the amount of liver damage Siegel sub- 
stituted bromsulphthalem for the phenoltetrachlorphthalem test and 
believed that by its use he was able to differentiate between eclamptic 
and nephritic toxeimas as he thinks that it gives valuable information 
regarding the amount of hver impairment Schneiders and Rosen- 
field also feel that such hver function tests are of value in dete rminin g 
the amount of hver damage in the toxeimas of pregnancy 
Piersol and Bockus found that the phenoltetrachlorphthalem hver 
function test gave fairly accurate mformation regarding hver damage, 
and whenever the excretion of the dye was delayed, they found urobi- 
lin in the urine Naujaks also found that in the presence of hver 
injury there is always a delay m the excretion of the dye, but in the 
toxemias of pregnancy he was unable to find any parallehsm between 
the severity of the disease and the result of the test Krebs and 
Dieckmann also used the Rosenthal test but are not willing to draw 
any definite conclusions as to its prognostic value in toxemia, but are 
inclined to beheve that it may afford an mdex as to the amount of 
liver damage in cases ot toxemia King, reviewing the different liver 
function tests, states that the phenoltetrachlorphthalem, as well as its 
successor, the bromsulphthalem test, is of defimte value, and that the 
degree of retention of dye seems to correspond with the seventy of the 
toxerma The van den Bergh test he found to be negative m pre- 
eclampsia and eclampsia, and he agrees with Piersol and Bockus that 
the Widal hemodastic crisis test is of httle value m toxemia of preg- 
nancy Eufinger and Bader disagree with King that the van den 
Bergh test is of little help in eclampsia Their experiments showed 
that it reveals marked damage to the liver in the vomitmg of pregnancy 
as well as in eclampsia Steen also emphasizes its importance, as it 
makes possible the demonstration of hyperbilirubinemia at a time 
when It cannot be detected by any other means 
Herold used the method of Heihneyer to test the pigment formation 
in the urine, in order to estabhsh whether there is impaired hver 
function In eclampsia he found a definite degree of hver damage, and 
is convinced that it is yery slowly repaired as it is only late in the 
puerperium that the value of pigment substances is restored to normal. 
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Certain of the liver function tests have been tried m this clinic, and 
judging from the results obtained, as well as from the above account 
of the work of others, the author has come to the conclusion that very 
rarely do we gam information sufficiently important to warrant the 
institution of a routine liver test m patients suffering from toxemia of 
pregnancy The chemical analysis of urine and blood, as we shall 
shortly see, invariably reveals the absence or presence of hver damage 
Consequently, we have, perhaps somewhat prematurely, relegated 
hver function tests to the same class as the phenolsulphenophthalem 
test of kidney function in pregnancy toxemia 

Bile IS composed of three mam constituents bile salts, cholesterol 
and bihruhm According to Mann it seems that bUe acids are made 
in the hver, though this has not been proven We know very little 
about cholesterol metabolism The other function of the liver is that 
of helping in protein metabohsm and especially with reference to the 
punne bodies Urea and unc acid are important mtrogenous by- 
products Mann’s experiments also prove that the hver is the main 
organ concerned in the destruction of unc acid Among the unsolved 
problems, so far as the liver is concerned, is the part which it plays in 
fat metabohsm It is supposed to help in the transformation of fat 
into carbohydrate, although this has not been proven 

Mikeladse showed that in the toxemias of pregnancy there is an 
extreme degree of bilirubinemia Sait/, Heyncmann, Eufinger and 
Bader, Hermann and Kronfeld, Bakscht and Mikeladse, all regard the 
degree of bilirubinemia as of great diagnostic and prognostic value in 
toxemias of pregnancy Mandelbaum, on the other hand, found that 
there is no relationship between the amount present m the serum and 
the degree of toxicity 

From the above it seems fairly well estabhshed that liver damage is 
one of the most constant findings in eclampsia Whether this hepatic 
injury is “post hoc” or “propter hoc” is not yet known, although the 
author is inclined to believe that it appears very early in the develop- 
ment of the disease Theories as to the agents responsible for such 
injury will be discussed under the follow mg heading 

Chemtcal changes in eclampsia From the account just given of the 
various theories concerning the etiology of eclampsia, it must be clear 
that no hypothesis, so far suggested, is accompanied by sufficient 
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evidence or experimental proof to be considered conclusive We have 
seen in the earlier part of this review what marked maternal metabolic 
changes are always associated with normal pregnancy, and it is there- 
fore natural to suppose that similar disturbances may play a role in 
the development of eclampsia Consequently, m order to study this 
question, it becomes imperative to know how the mother’s blood, 
urine and general metabolism are affected when she suffers from this 
disease. 

A great deal of work has been done on the chemical findings in the 
urine and blood of eclamptic patients Zweifel, in 1904, showed that 
in the urine the urea-nitrogen is lowered and the ammonia nitrogen 
raised Stookey also found a low urea nitrogen (70 to 83 per cent of 
the total nitrogen) and a high ammonia nitrogen (5 to 10 per cent of the 
total nitrogen) in the urine as well as a high mono-amino-acid nitrogen 
and a positive para-dimethylaminobenzaldehyde reaction 

Hynd determined the optical activity of the urine in eclampsia and 
found it to be considerably less laevorotary than one would expect 
from the amomit of protein shown. In 14 cases of eclampsia he noted 
that the protein in the urine was of two groups — one similar to serum 
albumin and the other approximately resembhng cow’s albumin, and 
concludes that m certain types of eclampsia it may be mainly lact- 
albumm, which affords a certain plausibility for assuming that eclamp- 
sia may be an anaphylactic reaction due to a foreign protein in the 
blood stream, or possibly, that the mammary glands may be an impor- 
tant factor in its causation 

Without reviewing in detail all the investigations on the composition 
of the urine, it may be stated that thus far no other marked disturb- 
ance has been noted in the eclamptic urine, with the exception of this 
shifting in the nitrogen partition, plus a decreased chloride excretion 
and an acetonuria The pH of the urine has not been carefully 
studied in eclamptic patients Zinsser made a biological study of the 
toxicity of the urme obtained from 9 cases of eclampsia Upon inject- 
ing it into the peritoneal cavity or the circulation of gumea pigs, he 
found, contrary to the results of Pfeiffer, that death did not follow and 
so he concluded that there is nothing to warrant the assumption that 
a disintegration of albumin causes eclampsia, although Pfeiffer had 
stated that a discharge of albuminoids may produce an anaphylactic 
reaction. 
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p Nitrogenous relcnhon More information, which may lead 
to an understanding of the etiology of the disease, has been accumu- 
lated on the chemical changes of the blood It is generally agreed that 
the non-protein nitrogen of the blood is not increased in eclampsia 
Where we do find a high non-protein nitrogen it is usually late in the 
disease and as a result of mjuty to the kidneys produced by the 
eclampsia, or of some factor dependent on the attack, as will be seen 
later The same may be said with regard to the blood urea J T 
Wilhams, in 1921, directed our attention to the fact that uric acid is 
definitely raised, and quite early in the course of the disease 
His findings have been abundantly confirmed by Caldwell and Lyle, 
Elilhan and Sherwm, King and Denis, and Stander Hardy, Alim and 
Eagles showed that the blood unc acid was invariably raised when the 
patient was on a high fat diet and mdicated that the change might be 
explained on the basis of decreased excretion On the other hand, 
Cathcart, Graham and Poulton, and Umeda had all noticed a de- 
creased excretion of unc acid in high fat diets 
Creatinine is the anhydride of creatme and a constituent of normal 
human urine Very little is knoivn regarding the excretion in eclamp- 
sia The changes in the blood creatinine seem to depend entirely on 
the kidneys, and from the work of Mann and his assoaates it would 
appear that the liver does not play an important role m thecreatin- 
creatimne metabolism No outstanding disturbance m creatinine or 
creatine metabolism has been noted in eclampsia 
5 Inorganic consMiitnls of the blood Parathyroid tetany is always 
associated with a marked lowering of the blood calcium, and it is 
perhaps for this reason and because of the occurrence of convulsions 
in the two conditions, that so many attempts have been made to 
estabhsh a connection between low blood calcium and eclampsia 
Only the more recent contributions on this subject will be reviewed in 
this paper 

Calcium deprivation of the mother, resulting from the drain on her 
supply by the foetus, has furnished a wide field for speculation As 
shown in the earlier part of this paper, the blood calaum is slightly 
lowered dunng the latter third of pregnancy, being at about the lower 
limit of normal 

Deschamps found the non-pregnant values to average 11 4 mgm 
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per 100 cc of blood, with limits of 10 4 and 11 5, in pregnancy from the 
second to the seventh month 10 6 to 11 97, at the eighth month 10 6 
to 13 90, and during the ninth month 10 16 to 14mgm In eclampsia, 
the lowest figure recorded by this author was 9 4. Lemers likewise 
found a decrease in the blood calcium value in four cases of eclampsia. 
But on the other hand, Dems and King, as well as Stander, Duncan 
and Sisson, report no decrease, while Wodon, and Femberg and Lash 
report normal values 

Hetenyi and Liebmann state that from 60 to 70 per cent of the cal- 
cium in the blood is m the form of lomzed calcium, the rest is bound 
up with the albumm of the plasma or consists of non-iomzed calcium 
salts In 14 cases of pregnancy they found the calcium content to be 
between 9 and 12 6 whereas m the non-pregnant women it was between 
10 5 and 12 During the last months of pregnancy there is a shght 
diminution in the blood calcium. All their findings demonstrate that 
in pregnancy there is an increased use of calcium, because of the 
requirements of the growing foetus and perhaps also because of a 
special property of the cells of the pregnant woman Von Bodo and 
Liebmann examined the blood serum in eclampsia for ionized calcium, 
and concluded that while a decrease in free calcium ions of the blood 
might be responsible for the convulsions, such could not be dem- 
onstrated They undertook this work because Lamers, Rissmann, 
and Kehrer had found a low blood calcium content m eclampsia and 
had explained the disease on the basis of a hypocalcemia Bokelmann 
and Bock conclude that there is a shght decrease m calcium dunng 
pregnancy, and that dunng the puerpenum it slowly comes back to a 
normal value, while the diffusible calcium in the serum is slightly 
increased at the end of pregnancy Then figures are as follows total 
calcium in normal non-pregnant, 9 62, first half of pregnancy, 9 75, 
second half of pregnancy 9 43 to 9 5 mgm per 100 cc of blood, while 
the dialysable calcium is 5 6 for the non-pregnant woman as con- 
trasted with 5 53 to 5 54 mgm for the pregnant In three cases of 
eclampsia the total calcium was 8 08, 8 93 and 9 60 mgm respectively, 
and the dialyzable calcium m the same patients w^as 5 45, 5 34 and 5 82 
mgm respectively They conclude further that the total calcium, as 
well as the dialyzable calcium, is higher in the foetus than in the 
mother 
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Odenthal thinks that the increased permeability m pregnancy may 
be associated with a disturbance between sodium and calcium ions 
He found that the calcium coalescmg effect during pregnancy is very 
shght, and held that it may be a factor in the production of capillary 
endothelium widening during pregnancy Change in the pH and the 
relative shifting between K and Ca may be further factors in producing 
this change during pregnancy From figures of all these observers one 
cannot conclude that a decrease in total blood calcium or in dialyzable 
calcium IS associated with eclampsia 
Ivanvi, Rodecurt and Linzenmeier found that in eclampsia the 
Ca/P ratio is definitely decreased, Ca/P = 3Sl in non-pregnant, 
3 46 m early pregnancy, and 2 53 m late pregnancy , while in eclampsia 
It was 1 87 This decrease of Ca/P in eclampsia according to their 
figures is due to an increase in phosphorus Stander, Duncan and 
Sisson also noted a decrease m the ratio Ca/P or, as they expressed it, 
an increase in P/Ca, which is due to a high inorganic phosphorus value 
in eclamptic blood 

The other inorgamc constituents of the blood, magnesium, sodium 
and potassiiun, are essentially witlun normal limits m eclampsia, while 
phosphorus is shghtly elevated according to Rodecurt and Stander 
The analyses of Denis and King also seem to indicate that there 
IS no appreciable change m these elements, while the phosphorus and 
sulphur content of the blood are essentially identical m toxemic and 
normal pregnancies One may, therefore, conclude that no marked 
disturbance in the inorganic elements of the blood takes place in 
eclampsia, except perhaps in so far as the ratio P/Ca is somew’hat upset 
due to elevated phosphorus values 

r Ltpotds Tyler and Underhill corroborated the W’ork of Slemons 
and Stander, who showed that there is a defimte increase m the total 
lipoids in the blood stream during normal pregnancy Hellmuth 
also noted a hyperhpoiderma Neither Helhnuth nor Siemens and 
Stander could find any difference in the lipoids m the toxemias of 
pregnancy or in eclampsia They noted the same increase in total 
fats, in normal pregnant women as in those suffenng from eclampsia 
Ito and Kitamurc found the cholesterol content of the blood to be de- 
creased in diseases of the liver as w ell as in cases of neplintis Adler 
and Lemmel also show'ed that the cholesterol content of the blood 
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changes in diseases of the liver, and regard the decrease of cholesterol 
and cholesterol-ester as indicating a disturbance of liver cells. 

We may accordingly conclude that no characteristic change in the 
blood fats or blood lipoids is associated with the development of 
eclampsia Whether the increase in fat, lecithin and cholesterol as 
the pregnant woman approaches term, may play a role in the produc- 
tion of ketosis will be discussed later Up to date all attempts to 
connect the cause of eclampsia with a disturbance of blood lipoids have 
met with failure, unless the recent work on colloids should lead to more 
fruitful results 

s Collotds. Colloidal chemistry has played a certain role in obstet- 
rics during the past ten years Since 1861, when Graham defined 
colloids as “substances which are not diffusible through animal 
membranes,” there has been a steady development in the science of 
colloidal chemistry. Our old ideas of colloids have been completely 
changed by the work of Hardy, Jacques Loeb and others 

By the term hydrogel we denote such colloids as will solidify into a 
gelatinous mass with an abundance of water, and by hydrosol such 
colloids as are soluble in water Colloids can usually be grouped into 
two classes (1) emulsion colloids, emulsoids or hydrophile colloids, and 
(2) suspension colloids Proteins, starch and glycogen belong to the 
hydrophile class, whereas cholesterol is an excellent example of the 
suspension type of colloid In an aqueous solution there is a relation- 
ship between the dissolved substance and the solvent in the hydrophile 
class, whereas in suspension colloids it is absent The relationship 
m the hydrophile class is shown by measurement of the viscosity, which 
in the suspension colloids is not much altered There is a further dis- 
tinction between these two types of colloids — namely the rate of pre- 
cipitation by electrolytes Ready precipitation takes place by electro- 
lytes in suspension colloids, whereas it is extremely difficult in hydro- 
phile colloids Colloids have also been classified according to their 
size, and particles of from 200 (about the limit of microscopic vision) 
down to 1 mm, or 1 one thousandth m, are said to be in colloidal state 
This method of classifying colloids is, however, not very satisfactory 

The terms lyophile and lyophobe are also apphed to colloids A 
lyophile colloid has a tendency to unite with the dispersion medium, 
whereas a lyophobe has little or no tendency to become hydrated By 
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the dispersion medium we mean the solution in which the colloids are 
present and by disperse phase we mean the particles of colloids in the 
solution 

Some colloids are called protecfave colloids and by this we mean that 
certain hydrophile colloids, which are precipitated with difficulty by 
electrolytes, have the power of protecting suspension colloids against 
the precipitating action of electrolytes 
A great deal of work has recently been done on the colloids of the 
blood during pregnancy and in the toxemias of pregnancy, and Eufinger 
particularly has shown that there is a definite alteration in the protein 

fractions of the serum during pregnancy The ratio decreases 

from 2 6 in normal non-pregnant women to 0 81 in women at term, 
whereas the euglobuhn and fibnnogen both increase as term is 
approached He found by the Gerloczy reaction tliat there is a 
decrease in stability and an increase in lability of the plasma during 
pregnancy Other colloids are precipitated by the very stable plasma 
of the newborn, whereas they are not precipitated by the plasma of the 
mother Von Oettingen explains this on the basis that the very labile 
colloids of the mother act as protective colloids Eufinger concludes 
from the work of Erich Meyer, Handovsky, Westphal and others, 
that the hydrophobe cholesterol fraction is of great importance as a 
tonic substance for the cell-membranes We see an increase in 
the total cholesterol dunng pregnancy, but a percentage and pro- 
gressive decrease of the important hydrophobe fraction up to the time 
of labor, a condition which, together with the protein phase-change 
towards the coarse dispersion side, is of great importance in the per- 
meability and water metabolism of the cells From the work of Over- 
ton we know that cholesterol, as a membrane-building substance, 
plays a part together with other lipoids on the cell-surface There 


IS an antagonism between lecithin and cholesterol, as the former 
loosens the cell-surfaces oi the smooth muscle of the vessels, and 
the latter produces a thickening or hardening effect, which hinders 
the necessar} lengthening of the muscle fiber after each contraction, 
with the result tliat the lowered permeability decreases the admission 
of water and of the swelhng produang ions When, in spite of 
the hypercholesterolemia in normal pregnancy, we^ dojjpt have 'the 
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hypertonus, it is becs-usc of tbo fimier anchoring of tho cholesterol in 
the plasma, in other words its quantitatively smaller availability 
furnishes an important regulatory mechanism in the pregnant organ- 
ism for the maintenance of the normal tonus of the vessel In Eufin- 
ger’s opinion there results from these colloidal shiftings, which influ- 
ence decisively the processes on the cell surface, the necessary lability 
and rapid adaptability of surface activity, which is required by the 
enormously varying demands of the pregnant organism Clinically 
this lability in the behavior of the cell membrane is supposed to be 
shown in the form of the blood pressure curve in the altered response 
of the vessels to vasoconstrictor substances, such as adrenalin Eufin- 
ger’s work on the adrenahn blood pressure curve leads him to place m 
the foreground not only the state of the vegetative nervous system but 
also the local colloidal condition on the cell membrane as a significant 
influence on the form of the blood pressure 

Seitz also states that the plasma is more labile in pregnant than m 
non-pregnant women, although cholesterol is increased from 150 to 
350 mgm according to Chaffard, Neumann, Hermann and Hellmuth 
Furthermore, there is a radical change in the composition of the 
cholesteiol, since in non-pregnant women only 20 per cent of it is 
bound, while 80 per cent is readily shaken out, as compared with 
40 per cent of bound cholesterol in the pregnant woman The bound 


fraction is probably closely associated with euglobulin 


In eclampsia Eufinger found that 


albumm 

globulm 


ratio is still further 


decreased, the average value for normal pregnancy at term is 0 81, as 


compared with 0 21 for eclampsia There is also a corresponding 
mcrease in fibrinogen in eclamptic patients From these changes he 


assumes that there is a transfer of certain lipoids, which have been 


changed in their constitution, from the blood to the kidney epithehum, 
and that they are there eliminated Seitz also believes that the change 
in the colloids of the blood is an etiological factor in the production of 


eclampsia 

In the toxemias there is, therefore, according to these authors, a 
greater disturbance in the distribution of protein fractions, the al- 
bumin being decreased and globulin and fibrmogen increased Kaboh 
and Runge believe that the oedema depends on the lowering of the al- 
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bumin m the plasma Seitz asserts that there are tivo tj^es of 
eclampsia— one with very low albumin fraction in the serum (0 69 
gram per cent) and the other type m which it is not so markedly 
reduced In the first type the symptoms are severe and the mor- 
tality high, while the second type is mild, and is designated as 
“Labihtatseklampsie,” by Seitz 

t Carbohydrates Without going into the chemical details of the 
methods of determining the blood sugar, it is essential, before discuss- 
ing the sugar level in eclamptic blood, that it be pointed out that dur- 
ing the past ten years remarkable improvements in methods have been 
brought about by such chemists as Folin and Benedict Stated 
briefly, the main desideratum m determining blood sugar is to employ a 
copper reagent which will not be affected by unknown non-glucose 
substances which have reducing powers Formerly these bodies, as 
well as glucose, were included in the estimation, but gradually we 
have approached more closely to the true glucose value This is 
rendered apparent by the fact that only a few years ago 100 mgm of 
sugar per 100 cc of blood was regarded as normal, whereas by the most 
recent method of Benedict this value has been reduced to about 60 
mgm It IS, therefore, obvious that in comparing the results of differ- 
ent investigators one must know exactly what method of determina- 
tion was employed before one can intelligently correlate findings 
Benthin, Walthard, Obata and Hayaski, Slander, Duncan and 
Sisson, Wieden,and otliers have reported hyperglj cemia in eclampsia 
Most of these authors explain the elevated blood sugar on the basis 
of the convulsions, since we know that muscular work raises the blood 
sugar Slander and Radelet, however, found that the elevation often 
persists for an appreciable tune after the cessation of the eclamptic 
convulsions, and Slander is inclined to think that added factors, 
such as changes m the hydrogen-ion concentration in the liver cells, 
may influence the production of a hyperglycemia From figures sub- 
mitted to him in personal communications from a number of clinics 
in this country, as well as from his onn findings, nhich cover approxi- 
mately 120 eclamptic patients, the author believes that the blood sugar 
values in eclampsia arc sometimes xvithm normal limits, often show a 
definite h> pcrglj ccmia, but never a hypoglycemia He holds that in 
eclampsia there is a definite tendency towards hj'perglycemia, in 
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contradistinction to Titus and Ins co-workers and Levy who report 
hypoglycenua The following table shows the average, as well as 
the limits of, blood sugar level in eclampsia as observed m Baltimore, 
Pittsburgh and Los Angeles 


Blood sugar tn eclampsia 


ATJTHOE 1 

1 

NUHBER 
or CASES 

AVERAGE 

Liurrs 



mtm 

tngm 

Slander 

94 

102 

44-190 

Lazard 

12 

115 

87-166 

Miller and Martinez 

19 

105 

75-181 


Our findings in the above table were obtained by three different 
methods of determination, and where the latest Benedict method, 
which gives from 60 to 80 mgm per 100 cc. blood for normal individ- 
uals, was not employed, the values were corrected to this standard. 
The findings from the other two clinics were submitted in personal 
communications, were not corrected and are based on 80 to 100 mgm 
as the normal value 

Titus and his associates found that in senal blood sugar readings, 
during an attack of eclampsia, wide fluctuations occurred m the blood 
sugar within exceedingly short intervals of time They found that 
the convulsive seizure occurred at levels which Titus calls relative 
hypoglycemia, and he holds that the fits are apparently the cause of 
the sudden drop in blood sugar, and that following them, there is 
usually a temporary rise in the blood sugar Titus, Dodds and Will- 
etts, in their recent contribution write 

“As a result of this and previous studies of toxemic disturbances of 
pregnancy, we are led to conclude that there is a relationship between all 
toxemias of pregnancy, that the difference between the hepatic lesions of 
the various clmical states is less distinctive than has generally been supposed, 
that there is no speafic toxin, toxicoses of pregnancy, parfacularly eclampsia, 
are due to disturbances in maternal metabohsm; and that the disturb- 
ance is one of carbohydrate metabohsm, based pnmanly on a defiaency 
in carbohydrate mtake plus mcreased consumption of carbohydrates 
which results in a depletion of the glycogen stores with consequential 
damage to the liver and its functions. 
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“This glycogen deficiency in the liver presently becomes equivalent to its 
partial ‘extirpation,’ the blood sugar values begin to seek hypoglycemic 
levels followed by frenzied efforts towards recovery, thus initiating the 
fluctuating ivaves noted in our charts, the convulsions which occur at 
certain low levels as the fluctuations become more and more violent are 
controllable, hke the famihar hypoglycemic convulsions by glucose in- 
jections 

“The nephritis of pteeclampsia and eclampsia, as well as grave hypereme- 
sis, IS not the forerunner but an inadental symptom and result of the 
intoxication 

“The insuhn production of a nondiabetic pancreas may be temporanly 
in abeyance during a pregnancy intoxication as a physiologic responsibihty 
to the lessened glycogen reserve in the body Such a pancreas should 
respond to an injection of glucose as does any normal pancreas by an over- 
production of endogenous insuhn so that any additional insuhn mjected is 
an additional overdose " 

The author has attempted to corroborate the findings of Titus, by 
studying the blood sugar at five minute intervals in eight eclamptic 
patients The final results will be reported elsewhere, but it may be 
stated that he was unable to observe a relative hypoglycemia in any 
of them 

Scontnno determined the amount of free and combined blood sugar, 
and in normal pregnancy observed that there is an increase in the 
amount of free blood sugar dunng the first six months a decrease dur- 
ing the last three months, and an increase dunng labor In eclampsia 
there is an increase in the amount of free sugar, as well as of combined 
sugar durmg the attack In this connection, it may be interesting to 
mention the work of John, who analyzed 22,808 blood sugar esti- 
mations in non-diabetic patients He found 2452 that showed a blood 
sugar value below 80 mgm per lOOcc ,in 1791 itw'as 75 mgm or below, 
while the lowest value was 30 mgm per 100 cc He holds that such a 
high percentage (11 per cent) of blood sugar below 80 mgm per 100 cc 
of blood, indicates that such low values are not so rare, and are 
apparently normal for the individuals concerned, as none of them pre- 
sented any special complaint 

Bockelmann, Rother and others have assumed that it is possible for 
the human body to transform fat into carbohydrate, and furthermore 
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believe that this function takes place primarily in the hver. On the 
other hand, m a recent contribution Deuel and Milhorat state that 
there is no convincing proof that mammals are able to convert the 
fatty acid fraction of the fat molecule into carbohydrates They were 
unable to demonstrate that acetic acid is a glucogenetic agent, nor was 
there any appreciable synthesis of glucose from sodium acetate when 
that substance was introduced subcutaneously or mtraperitoneally into 
phlorhizmized dogs In their control animals, the injected glucose 
was excreted almost quantitatively, and this would presumably indi- 
cate that, if glucose had been formed from the acetate, an extra amount 
of sugar would have been excreted in the urine 

Gottschalk and Nurnberger both beheve that the glycosuria of 
pregnancy is due to a change in the permeability of the kidneys, and 
the former is convinced that the carbohydratemetabohsm is decreased 
or slowed down during pregnancy Lavake in 1916 suggested that a 
high carbohydrate diet might be of value in pre-eclamptic toxemia, as 
well as the administration of oxygen, as advocated by Stioganoff 
Host writes that there is a curious and characteristic difference in the 
blood sugar during the first and second periods of pregnancy Early 
in pregnancy, the kidney threshold for sugar is normal and the blood 
sugar IS often remarkably high, so that when glycosuria occurs it is 
often associated with h}’perglycemia and is not, as is generally believed, 
of renal origin On the other hand, in the latter part of pregnancy, the 
blood sugar rise is usually very small, but the renal threshold is low so 
that glycosuria frequently occurs, andwhenitdoes it is probably renal 
in origin This author suggests that the corpus luteum causes the 
sugar rise which is characteristic of early pregnancy, while the low 
renal tlireshold in the latter montlis appears to be dependent on the 
foetus or the placenta Benthin, Walthard, Frey, Herold, Hellmuth 
and Guggisberg have all found low blood sugar values during the 
second half of pregnancy 

In labor there is usually an increase in blood sugar as was clearly 
demonstrated by Schmidt, Bickenbach and Jonen These investi- 
gators studied the glycogen content of the liver and the muscles of 
dogs durmg pregnane)'-, and found in the normally fed animal a 
decrease in the relative weight of tlie liver at the end of pregnancy. 
The amount of glycogen m the liver of a normal well fed dog, getting 
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75 calones per kilogram of body weight, is approximately 6 per cent, 
whereas at the end of pregnancy it falls below 2 15 per cent They 
also noticed that the fattest dog showed the greatest decrease m the 
glycogen content of the hver, which averaged 57 per cent of the normal 
value They likewise found a similar decrease m the glycogen of the 
muscle throughout the body They further analyzed for fat and 
observed that the fat content m the hver is sometimes but not always 
increased during pregnancy They refer to the work of Delle Chiaie, 
who obtained similar results In general, it may be said that when an 
increase of fat occurs during pregnancy it is not to be regarded as a de- 
generative process, but rather sigmfies a liberation of fat from the 
fat depots without injury to the cells That there is a functional dis- 
turbance of the hver during pregnancy has not been defimtely shown 
although these authonties believe that there is a change m the function 
of the “chemical organization” of the cells of the hver 
An increase m fat in the blood stream durmg pregnancy has been 
demonstrated by Capaldi, Herman and Neumann, Decio, and Siemens 
and Stander Schmidt, Bickenback and Jonen regard this change as 
coTwmcmg proof that fat is hherated from the fat depots and is ready 
for utilization in the hver Bockehnann and his co-workers have 
demonstrated that there is an mcrease in acetone bodies m the toxe- 
mias of pregnancy Acetone bodies can be produced in only two ways, 
— cither out of protein metabohsm from ammo aads, or from fat 
metabolism The changes just mentioned, the glycogen decrease m 
the hver and muscles, the fat increase in the blood stream and hver, 
and the mcrease in acetone bodies — are regarded by Schmidt, Bicken- 
back and Jonen as proof that carbohydrates are built m the hver 
from fat As a sign of the hberation of fat for this purpose, we have 
the hpaemia, already referred to, and as a sign of the transfer of fat into 
carbohydrates, we have the acetone bodies If the fat content of the 
hver becomes too great, which can be produced by a severe glycogen 
decrease and which is particularly common m very fat anunals, then a 
disturbed liver function may develop 
The liberation of fat from the fat depots, as •ncll as the splitting of 
fat, can go on undisturbed in the face of a severe glycogen shortage, 
but this IS not true as far as the building up of new carbohydrates 
from fat is concerned, and ivhen this occurs it is associated vith the 
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production of acetone bodies These authors state that the glycogen 
decrease must reach a certain degree before the process of manufacture 
of carbohydrates from fats is started 

To explain glycogen deficiency m both liver and muscle at the end 
of pregnancy, these authors invoke the influence of the vegetative 
nervous system For example, Herold beheves that vagotoma is 
responsible for the hypoglycemia at the end of pregnancy Schmidt, 
Bickenback and Jonen, however, do not believe that it is responsible 
for the glycogen decrease noted in the hver and muscles, but hold that it 
can only be explained on the basis of an over-action of the sympathetic 
nervous system Moreover, they beheve that stimulation of the para- 
sympathetics results in glycogen building in the hver, and as there al- 
ready exists an increased stimulation of that system during pregnancy, 
it is impossible to explam the decreased glycogen in the liver at the end 
of pregnancy as the result of vegetative nervous disturbances Conse- 
quently, we must seek another explanation, and these authonties hold 
that the decrease in glycogen can only be explained by a waste or 
burning up of the glycogen in the mother The consumption of gly- 
cogen at the end of pregnancy must be more intense than in the non- 
pregnant woman We do know that the respiratory quotient is in- 
creased (Magnus-Levy and Zuntz) Mahnert has shown that protein 
is spared during pregnancy and believes that with the burning of fat 
the carbohydrates are used m greater amounts. It is not so easy to 
prove that carbohydrates are wasted durmg pregnancy The weight 
of the liver is of some importance, and that organ must do more work 
per unit of body weight than in the non-pregnant person These 
authorities also examined the liver histologically and could find no 
changes at the end of pregnancy There was undoubtedly fat infiltra- 
tion in the liver cells, and particularly in their center, and such cells 
showed no glycogen It would, therefore, appear from this work, that 
in normal pregnancy the liver shows signs of glycogen depletion, but 
that such a carbohydrate lack is the basis for the development of 
eclampsia has not been proven 

If Aadosis We know that in normal pregnancy there is a decrease 

in the CO 2 combining power, to approximately 44 volumes per cent, 
so that it is customary to speak of the “acidosis of pregnancy ” Bock 
determined the hydrogen ion concentration for normal pregnancy and 
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found it to be 7 SI m the early months as compared to 7 52 for non- 
pregnant women In the last months of pregnancy the pH of the blood 
dropped to 7 47, but during labor and the puerpenum the average was 
7 52 He concludes that dunng the last weeks of pregnancy there is 
an actual change in the reaction of the blood, and that this is brought 
about by the buffer capacity of the blood He also believes that the 
amphotenc buffer substances, such as protein bodies, play an important 
part in this change Schmidt and Wmgen analyzed the gases of the 
blood and attempted to show that the large carbohydrate requirement 
during the latter part of pregnancy is partly met by the conversion 
of fat into glycogen, and that during this transformation acid by- 
products are liable to appear These acid by-products require a cer- 
tain amount of the alkali reserve of the blood for neutralization, and 
so lower the blood’s capacity to bind COi with a resultmg lower 
alveolar COj tension 

Gaebler and Rosen made a careful study of the acid base balance 
during pregnancy They determined the alveolar CO 2 combining 
power, plasma bicarbonate, and the plasma pH, and found that during 
pregnancy the reaction of the plasma is slightly more alkahne than 
normal, though the plasma bicarbonate is loner than in the non preg- 
nant Early m the puerpenum the bicarbonate value mcreases, while 
the reaction of the plasma becomes more aad The plasma pH values 
observed by them during pregnancy are not as alkahne as those found 
by Marrack and Boone, but the quantitative results are very similar 
Vozza states that in the pregnancy toxeimas, aadosis is the most con- 
spicious finding, and that it is very pronounced m many eclamptic 
patients He bases his conclusions on 200 detenmnations of the alkali 
reserve of the blood in various penods of normal and abnormal 
pregnancy 

MacNider found that in normal pregnant animals there is a definite 
tendency of the acid base equihbnum of the blood to become disturbed 
and that such a disturbance is more marked and more frequent in old 
than in young animals He feels that tins change is not dependent on 
renal injury and therefore is not a retention phenomenon He con- 
cludes from a largesenes of expenments that, associated with gestation, 
there is a definite tendency towards failure to maintain a normal aad 
base equilibrium 
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In eclampsia, the CO 2 combining power is still further decreased and 
it is not unusual to see values below 30 volumes per cent The author 
believes that probably the lowest values for the CO 2 combining power 
ever observed sometimes occur in eclampsia, and he has noted it as low 
as 12 volumes per cent Hasselbalch and Gammeltoft examined the 
blood of four eclamptic women and found in two cases that the fixed 
acidity of the blood was increased with an uncompensated acidosis, 
while in the other two cases the hydrogen ion concentration of the 
blood was normal Bokelmann and Rother also found the CO 2 com- 
bining power in the blood lower in eclampsia than in normal pregnancy, 
and agree with Stander that the seventy of the condition often seems 
to depend upon the degree of acidosis 
In eclampsia there is an increased production of acid bodies Zwei- 
fel and Scheller found an increase in lactic acid in the blood and cere- 
brospinal fluid of three eclamptic women three to eight hours after a 
convulsion These authorities are of the opinion that the increase in 
lactic acid in the spinal fluid may play a part m the production of 
the acidosis of pregnancy Zweifel, Bockelmann, Kienhn, Loeser, 
Schultze, and Stander and Radelet have all reported increase m lactic 
acid in eclampsia Some beheve that this increase is associated with 
liver damage In this connection it is interestmg to note that Noah 
foimd that only in extensive destruction is the carbohydrate assimi- 
lating function of the hver disturbed to such an extent that there is an 
abnormal accumulation of lactic acid m the blood stream Berger 
states that the increase in lactic acid is often due to a disturbance of 
the resynthesis of that acid by the muscles The high lactic aad in 
eclampsia, may, therefore, be due to muscular work, damage to the 
hver cells, or to a disturbance m the resynthesis of glycogen from 
lactic acid following incomplete oxidative processes 

Amino acids have been proposed as a cause of eclampsia Ewmg 
and Wolf, because leucine and tyrosme had been found in the urmeof 
eclamptic women, and because they themselves had found a decrease 
in urea and an mcrease in the undetermined mtrogen m the urine, sug- 
gested that amino acids were incompletely metabohzed in the hver 
and were the cause of the toxemia Murlm and Bailey found on the 
contrary, that not only the ammo acid fractions but also the other 
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nitrogen fractions of the unne were usually -mthin normal limits in 
eclampsia, and concluded that the nitrogen distribution in the unne 
was not of great help m the diagnosis of the disease Furthermore, 
Losee and Van Slyke have analyzed the total amino acid mtrogen in 
eclampsia, and conclude that the toxemias of pregnancy can be attnb- 
uted neither to failure in deanumzation of the ammo acids, nor to the 
moderate degree of acidosis observed in these cases 

In eclampsia, B-oxy-butyric aad may exert a toxic effect, not only 
because of its aad property, but also as a specific poison on the metab- 
olism, as shown by the work of Harpuder and Erlsen 

In eclampsia, then, we have an acidosis, and usually a hjpergly- 
cemia It is mterestmg to note that Bokelmann and Rother have 
shown that in two cases of eclampsia which came to autopsy, no gly- 
cogen could be demonstrated microscopically in the hver Bnnker 
has shown that it is possible to produce hyperglycemia in rabbits, by 
increasing the hydrogen-ions He has also shoivn that the liver is not 
the only organ that plays a r 61 e m this mechanism, the hver, muscles, 
and also the kidneys will give up a great amount of sugar when placed 
in an acid medium, while an alkah medium ivill have the opposite 
effect 

Hamburger and Bnnkmann demonstrated that the permeability 
of the kidneys depends upon the pH of the blood From this consider- 
ation Bokelmann concludes that the hyperglycemia probably depends 
upon a disturbance in the acid base equihbnum There are, of course, 
others who think that the changes in carbohydrate metabolism in 
pregnancjf are due to the action of adrenalin, but from the work of 
Underhill, Cleissel and others, it seems that in human bemgs the adren- 
alin glycosuna depends upon the reaction of the blood, and that the 
glycogen mobilization action of adrenalin is weal ened by alkalies and 
augmented by aads Elias-Sammartino showed that by injecting 
adrenalin in rabbits, there developed a glycosuria as well as a decrease 
in the acid combining power of the blood, and that adrenalin wall pro- 
duce an increased amount of lactic acid in the liver If, therefore, we 
accept the theory that there is a general hypertrophy of the endoenne 
glands, with a resulting increase m adrenalin secretion it becomes 
possible to explain the aadosis of pregnancy in an indirect way, namely 
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that the adrenalin causes an increased production of lactic acid with a 
subsequent increase in acidosis 

The acidosis undoubtedly has an effect on the blood vessels Bokel- 
mann states that when acid is introduced into the stomach of the rab- 
bit, the alkali of the organism is decreased, and an increase in vaso- 
constrictor substances in the blood follows Also, Kretschmer was able 
to increase the action of adrenalin by an intravenous injection of acid. 
Balin and Goldsmith have also shown that m acidosis the effect of 
adrenalin on vessels is increased, which is the reverse of what takes place 
in alkalosis, as shown by Druz and Fritz But it is possible that the 
different acids may have a different effect An increased CO 2 content 
of the blood never has a vaso-dilator action, while organic and inor- 
gamc acids have a vaso-constnctor action On the other hand, we 
learn from the placenta perfusion experiments of Fleisch, Atzlar, 
Lehmann, and Schmidt, that the hydrogen-ion concentration has a 
vaso-dilator effect As small a change in pH as 0 21 will alter the 
caliber of the vessel wall, accordmg to these authors The nervous 
system also reacts to a minimum change in pH, as shown by Bethe 

In eclampsia, if there is a great disturbance in the pH in the blood, 
as indicated by the work of Gammeltoft and Hasselbalch, the acidosis 
must act on the breathing center, as well as on other centers The 
motor disturbances resulting in convulsions and coma, may be directly 
the result of this changed pH according to Kautsky Bokelmann 
states that the changes in hydrogen ion concentration will produce 
hypertension, and if the peripheral vascular system is unable to take 
care of the blood flow, there will follow a decrease in the elimmation 
of acid valencies, m such circumstances the amount of blood supplied 
to the brain increases and leads to congestion of the cerebral capil- 
laries 

There is an antagonism between the various ions, but whether this 
plays a part in the aadosis of pregnancy or of eclampsia is not clear 
We do know that an alkalosis leads to a decrease in calcium ionization, 
and it is possible that in the acidosis of pregnancy the ionized calcium 
increases at the cost of the bound calaum In this connection the work 
of Rodecurt and Reginsburger is of interest They found that the 
ultra-filtrable calcium and potassium decreased in eclampsia, while 
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there was an increase in sodium and m the ^ ratio The non- 

diffusible calcium is that type of calcium which is bound to protein, 
according to Rona From the experiments of Kraus and others, it 
seems that the condition of tlie vegetative cells depends upon the 
equihbnum of amons and cations Potassium has a para-sympathe- 
tic or vagal action, while calaum has a sympathetic action Dnesel 
states that the effect of aad bodies is to cause more calaum ions to be 
thrown out of the blood into the tissues The decrease of the calcium 
in the blood, which is seen in sympatheticotomc conditions is explained 
on the basis that, as a result of the local acidosis, there is an mcreased 
amount of ions m the blood and this leaves the blood to go to the tis- 
sues There further appears, according to Bokelmann, to be some 
connection or assoaation between primary acidosis and decrease of 
blood calaum and the condition known as “sympatheticotoma ” He 
states that there also appears to be a connection between the high 
blood pressure following increased adrenalin production and the tetamc 
contractions or convulsions, and it is even possible that there is a 
connection between the amount of hormone substances produced and 
the calcium, potassium and hydrogen-ions, as suggested by Zondek 
There may also be a connection between carbohydrate metabohsm 
and in particular lactaadogen, and the cations, as proposed by Em- 
dem, calaum salts bnngmg about a synthesis and magnesium salts 
having an opposite effect 

Rossenbeck exammed four cases of eclampsia for the chlonde, 
sodium, calcium and potassium content of the blood and noted that 
the equilibrium between the sodium and chloride ions is definitely 
altered He believes that the acidosis in eclampsia is caused not only 
by an over production of aad metabolites, but also by a definite de- 
aease in alkali This alkali defiat or alkahpenia further disturbs the 
processes of oxidation The cause of this shifting in the ions is attrib- 
uted by this author to a hyperfunction of the hypophysis, which 
causes sodium to leave the tissues As a result of muscular contrac- 
tions or convulsions, phosphonc and lactic aads are set free and these 
two aads could be drawn mto the tissues m order to neutralize the 
accumulated sodium and so make it possible for the sodium to be 
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transformed back into the circulating blood stream The acidosis of 
the blood stream could be combated by the mcreased washing out of 
the phosphoric acid in the form of secondary phosphates, according to 
Rossenbeck 

Beck states that in the pre-eclamptic state, the pH of the blood is 
the same as m normal pregnancy, while immediately before convul- 
sions the pH IS altered During the attacks the pH may change as 
much as to 7 28 (pH normal blood 7 44), returmng to normal during the 
puerperium Beck believes that the change in pH is not associated 
•with the cause of the convulsions, but is the result of muscular activity 

Although the complete acid-base equilibria formula has not been 
worked out for eclampsia, the data up to date seem to indicate that 
there is a marked disturbance in the oxidative processes, and that this 
IS associated ■with an acidosis which may often become '‘uncompen- 
sated ” We are as yet unable to state that this disturbance is the 
cause or the effect of the eclamptic outbreak, but it undoubtedly offers 
us one of the most promising fields for further work concerning the 
etiology of the disease 

V Eypcrtenston As the increased blood pressure is one of the most 
outstanding characteristics in the majority of cases of eclampsia, many 
attempts have been made to explain its production on the basis of a 
toxin circulating in the blood stream VoUiard, Hulse, Becker, Hussey 
and others have worked on this theory VoUiard and Hulse have 
attempted to demonstrate that there are substances in the blood stream 
which make the vessel walls more sensitive to constrictor bodies in 
cases of hypertension Hussey, on the other hand, believes that there 
are substances in the blood stream in hypertension and eclampsia 
which act directly as vaso-constnctor bodies on the vessel walls 
These authors have speculated as to the nature of these different sub- 
stances, and Volhard is of the opimon that they may be amines In 
this connection it may be interesting to note that Hofbauer has 
suggested that histamine may play an etiolo^cal role in eclampsia 
Tyramine has also been suggested by Johnston and Johnson as a 
-causative factor in the toxemias of pregnancy They base their con- 
tention on the fact that in a case of eclampsia, the vomitus, blood and 
placenta all showed the presence of tyramine Standee, in attempting 
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to corroborate the findings of Hofbauer, was unable to produce the 
typical hver lesions of eclampsia in animals by the administration of 
histamine, and summed up his findings by saying “Peptone, albumose 
and histarmne produce a blood picture suggesting anhydremia, and 
the evidence so far adduced both climcal and pathologically makes it 
improbable that any one of them is to be regarded as an etiological 
factor m the causation of eclampsia ” 

The search for, and isolation of, a toxin in the circulatmg blood, 
which will explain the etiology of eclampsia has so far been unsuccess- 
ful, and this field still remains an mterestmg and important one for 
further investigation 

Krogh m his studies on capillaries has found that colloids are not 
diffusible through the capillary endothehum, but that the capillanes 
may become permeable to them under certain conditions Normally 
the capillary wall is impermeable to albumin and this is of great impor- 
tance m the movement of fluid to and from the blood stream Grze- 
chowiak has measured the capillary pressure by means of the Kyhn 
apparatus and found that while durmg normal pregnancy the capillary 
pressure is at first low and during the latter months approximately 
normal, it increases quite markedly ih eclampsia 

It was formerly supposed that fluid passed from the blood vessels 
to the tissues by simple filtration Recent work, however, indicated 
that factors other than simple filtration influence the passage of fluid 
We now know that the rate of filtration through the capillary wall is 
durectly proportional to the excess of capillary pressure over the 
osmotic pressure of the plasma proteins These two forces — capillary 
pressure and osmotic pressure — ^work m opposite directions Landis 
has stated that the increased permeabihty of the capillary wall may be 
accounted for by lowered oxygen tension, increased carbon dioxide 
tension or by local increase of permeability to the passage of protein 
through it The lack of oxygen, in addition to indirectly affecting the 
tissue metabolites, also increases the permeabihty of the capillary wall 
and so permits the rapid filtration of fluid and the passage of plasma 
protein 

Yunoki and Uchmo injected Congo red into gravid and non-gravnd 
rabbits, as well as into pregnant and non-pregnant women and women 
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suffering from the late toxemias of pregnancy In pregnancy they 
noted a delay in the speed with which the Congo red was absorbed 
from the serum both in rabbits and women, and the absorption was 
greatly retarded in women suffermg from toxemia of pregnancy 
Obata and Benda have recently advanced the theory that eclampsia is 
caused by a functional insufficiency of the reticulo-endothelial system 
From the work of Ribbett and Goldmann we know that the reticulo- 
endothelial cells readily absorb colloidal acid-pigment granules It 
would therefore seem that from the results of Yunoki and Uchino 
there is an insufficient function in eclampsia of the reticulo-endothelial 
s3'-stem 

w Swnmaty Eclampsia is very seldom associated with nitrog- 
enous retention in the blood, and where the non-protein mtrogen is 
elevated it is probably the result of kidney injury caused by the 
eclamptic outbreak The same holds true for the blood urea nitrogen 
An increased uric acid and decreased CO2 combining power are the 
outstanding findmgs m the blood chemistry in eclampsia. The blood 
sugar is sometimes normal, but is often elevated according to most 
authors, although some claim that hypoglycemia invariably accom- 
panies the disease The author believes that the weight of evidence 
is in favor of a normal or elevated blood sugar Blood lactic acid is 
elevated in eclampsia There is some controversy regardmg amino- 
acids in the blood, but it appears that the disease is not assodated with 
disturbed deaminization The polypeptide nitrogen has not been satis- 
factorily worked out Creatin and creatinine metabolism is not mark- 
edly upset The blood chlondes show a disturbance where the disease 
is accompaneid by oedema The only abnormal finding in the cations 

p 

is a slight elevation in the — ratio, due mainly to an increased 

phosphorus The blood colloids reveal a disturbance consistmg of a 
shifting in the protein fractions in favor of globulin, fibrinogen and 
euglobuhn at the expense of albumm Fats and lipoids show no 
greater disturbance than is noted in normal pregnancy. The very 
meager work on the hydrogen-ion concentration of the blood in eclamp- 
sia points to a true acidosis in some cases No toxin in the blood or 
urine has been isolated The only abnormal findmg in the unne is a 
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slight upset m the nitrogen partition due to a decrease in the urea 
nitrogen The vanous blood disturbances so far noted seem to be 
inter-related, and defiaent oxidative processes probably play a major 
r61e 

Symptoms of eclampsta The eclamptic entity is well known and a 
descnption of the symptoms, convulsions and semi-comatose or coma- 
tose condition seems unnecessary It should be pointed out, however, 
that there are certain prodromal symptoms which serve as danger sig- 
nals to those able to mterpret their sigmficance Even in the absence 
of an increase in blood pressure or of albumin m the unne, the occur- 
rence of very sharp epigastric pain, partial or complete amaurosis, or 
other visual disturbances, severe occipital headache and dizziness 
should make one suspicous of the pre-eclamptic condition, and all 
gravid women should be instructed to report immediately to their 
physician, should one or more of these symptoms make their appear- 
ance It has been found that the diastohc blood pressure is often an 
earher index of an impendmg eclampsia than is the systohc blood 
pressure The earliest upset in the chemical constituents of the blood 
will usually be found in the uric acid and COj combmmg power The 
normal unc aad value ranges between 2 and 3 6 mgm per 100 cc of 
blood Invariably one sees unc aad values of 5 to 8 or 9 mgm m 
cases of eclampsia Early in eclampsia or even m the pre-eclamptic 
state, unc aad may be as high as 5 or 6 mgm per 100 cc of blood A 
patient presenting one or more of the above symptoms and showmg an 
elevated unc aad content of the blood, with a COj combmmg power 
below 35 volumes per cent, should be treated with caution and re- 
garded as a potential eclamptic 

The eye findmgs m eclampsia present a very interesting field for 
speculation It has been known for a long tune that eclampsia is often 
assoaated with visual disturbances such as spots before the eyes, 
partial or even complete amaurosis Santonsatso wntes that m 
eclampsia the bhndness may be assoaated with ophthalmological 
changes, as well as with a decrease m the mtra-ocular pressure, but 
that in some cases no opUialmological changes can be noted Cheney 
made fundus exammations in a large senes of cases of toxemias at the 
Boston Lying-In Hospital, and feels that such routine examinations 
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axe of distinct value The most common eyeground findings are 
detachment or oedema of the retina, choked disc and inflammation 
of the choroid, acording to Hirsch These conditions have a more 
favorable prognosis in the pregnant than m the non-pregnant woman. 
Hirsch also states that in eclampsia serious visual disturbances may 
develop, and yet the eye grounds may appear normal, and he fTnnlrs 
that the amaurosis in such cases is due to a disturbance in the visual 
centers of the brain He found in 538 cases of eclampsia, 15 with 
total blindness and 13 with high grade amblyopia Tra 3 miann reports 
a case of post-partum eclampsia with asymmetric hypertrophy of the 
hypophysis and thinks that the asymmetry of the sella turcica or 
perhaps h 3 '^peremia of one half of the hypophysis may be the cause 
of the hemianopsia observed. He advocates paymg more attention 
to the eyes during pregnancy, as amaurosis may be the first sign of an 
impending toxemia 

It should be noted that eclampsia has also been described in cases 
of tubal pregnancy Ebeler reported the case of a pnmipara 23 years 
old, from whom a right ruptured tubal pregnancy was removed 
Within 10 hours after the operation she developed convulsions and the 
urine showed a large amount of albumin as well as casts The patient 
died the next day with the diagnosis of eclampsia He also refers to 
three other cases of extrautenne pregnancy associated with eclampsia 

Treatment of eclampsia From about 1840 to 1870 the treatment of 
eclampsia consisted mainly in venesection, sedatives, cold packs or 
baths, but no obstetrical interference Eden writes that from 1870 to 
1890 the treatment was still expectant and that narcosis, diaphoresis 
and pilocarpin played a great part, but venesection was abandoned be- 
cause Schroeder had pointed out that the blood pressure fell only 
temporarily after it At about this time the current teachmg was to 
the effect ^at the best results were obtained after the promptest pos- 
sible deliver}’-, which was effected by means of accouchment force and 
mstrumental dilatation of the cervix The maternal mortahty for this 
period was over 30% where statistics were available When the hepatic 
theory as to the causation of eclampsia came ioto vogue, Duhrssen m 
1890 advocated Caesarean section as the routine treatment for all cases 
of eclampsia, urging that the operation be performed as soon as possible 
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after the first convulsion Shortly afterwards vaginal Caesarean sec- 
tion was introduced by him, and from that tune on the radical 
treatment of eclampsia has been followed by many At about the 
beginning of the present century a tendency developed toward the em- 
ployment of more conservative methods of treating eclampsia because 
of the very high mortality following the use of vaginal and abdominal 
Caesarean section These endeavors started in Europe and gradually 
came into use in England and the Umted States Today there is still 
a great deal of controversy as to the relative merits of the two methods 
of treatment — the operative or radical and the medical, or conserva- 
tive 

a Pre natal care It has generally been recognized that pre-natal 
care is an important factor in preventing the occurrence of eclampsia, 
as well as in reducing the maternal mortality from it In an excellent 
statistical study comprising over 42,000 deliveries, Rice showed that 
m patients ■nho had received pre-natal care the incidence of eclampsia 
Mas only one m 1652 cases, as compared wth a general incidence of 
about one m 200 deliveries in lying-m hospitals, as mdicated above 
The treatment of eclampsia may be divided into two types— the 
prophylactic and the curatu e It is evident that a great deal can 
be done by careful pre-natal study of all pregnant women w herever 
this IS possible The frequent routine examination of the blood pres- 
sure, of the urine and of the patient’s general condition, undoubtedly 
leads to the early recognition of a pre-eclamptic state or an eclampsia 
that may be pending From our experience m this clinic we arc con- 
vinced however, that prophylaxis alone cannot entirely prevent the 
outbrealv of eclampsia, though it may be a great aid in reducing the 
incidence and the maternal mortality of the disease Kaner, Williams 
and others are firm believers in the value of prophylaxis 
Nonaka, also an advocate of prophylaxis m eclampsia, suggests a 
diuretic-cardiotomc method of treatment m which he gives sodium 
theocine mixed xvith digalen and dissolved m a large amount of water, 
and his patients are made to drink this solution very slowly He 
reports excellent maternal results 
b Radical treatment Until recently radical treatment was the gen- 
eral method of treatment and today there are three mam schools. 
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each claimuig that its method of treatment gives the best results 
These are Cl) Radical treatment, (2) Conservative treatment, and (3) I 
combination of radical and conservative There are also vanoui 
special treatments which will be taken up in detail 
Reuben Peterson is a very strong adherent of the radical treatment 
of eclampsia and recommends abdommal Caesarean section in treating 
ante-partum eclampsia In 1914 he reported 530 cases of eclampsia 
treated by Caesarean section with a maternal mortahty of 23 4per cent, 
Waldstein reports 117 cases with a maternal mortality of 1 7 percent. 
In 29 per cent of these cases he performed Caesarean section Manna 
believes that in severe eclampsia, jbe best treatment is Caesarean sec- 
tion together with internal medication Llames-Massini, who reports 
92 cases of eclampsia, in 14 of which he performed Caesarean section 
with no maternal deaths, is a strong advocate of radical treatment 
Fuerst states that the best method of deliveiy in eclampsia is by 
transperitoneal cervical Caesarean section In 238 cases he had only 
9 maternal deaths, and as he believes that few of them could not be 
attnbuted to the method, he calculates his maternal mortahty at 
2 1 per cent He does not place as much emphasis on the time con- 
sumed in performing the operation as does Wagner, who urges great 
speed in operating and states that no operation should take over 
twenty rmm it.es Stoeckel is a staunch behever in the Caesarean sec- 
tion treatment of eclampsia, and he reports a maternal mortality of 
8 4 per cent in a senes of 119 cases so treated 
Brodhead does not beheve that abdommal section is always justi- 
fiable in the treatment of eclampsia When one has to deal with a 
dead or non-viable child and the patient is in labor with a cervix partly 
dilated and is not in a hospital, Caesarean section is definitely contra- 
indicated He beheves, however, that with more experience in a con- 
siderable number of cases Caesarean section maybe the safest and most 
satisfactory way of treatmg eclampsia. 

c. Comerjafi-oe treatment Plass in a very excellent review of the sub- 
ject has compiled the following table to represent the results obtained 
m over 10,000 cases by these two methods, radical and conservative 
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The Ualerml MoriaUiy of Eclampsia under the Acttoe as Opposed to the Conservaitve 
Method of Treatment 


AOTHOR 

YEAR 

NCWBER 

DEATHS 


Number j Percent 




Active intervention 


Peterson 

1911 

530 


23 4 

Fruend 

1912 

551 

■9 

17 2 

Zweifel, P 

1913 

623 

111 

17 8 

Peterson 

1914 

283 

73 

25 8 

Brown 

1916 

6 

1 

16 7 

Cragm 

1917 

251 

71 

28 3 

Rugell 

1917 

354 

67 

19 0 

Brodhead 

1918 

302 

S3 

17 5 

Parke 

1918 

21 

2 

9 5 

Poucher 

1918 

4 

1 

25 0 

Brandt 

1918 

156 

26 

16 7 

KeiT 

1921 

236 

71 

30 1 

Stevens 

1922 

9 

3 

33 3 

Eden 

1922 

93 

25 

26 9 

Hirst 

1922 

17 

3 

17 6 

Kellogg 

1922 

103 

27 

26 2 

Zweifcl, E 

1923 

204 

38 

18 6 

Englenumn 

1923 

59 

18 

30 3 

Beck 

1924 

26 


26 9 

Langrock 

1924 

34 


35 3 

lAwrence 

1925 

5 


60 0 

King 

1925 

62 

20 

32 3 

Wilson 

1925 

no 

25 

22 7 

Davis and Harrar 

1926 

495 

115 

23 2 

Greenhill 

1926 

78 

6 

7 7 



4,607 

997 

21 7 


Conservative therapy 


Knipe and Donnelly 

1916 

59 

10 

ifl 

Brown 

1916 

15 

1 


Cragm 

1917 

138 

20 


RugeD 

1917 

213 

31 


Fruend 

1917 

168 



Moran 

1922 

29 


HR H 

Stevens 


14 

-1 

7 1 

Solmons 

1922 

204 

21 

10 3 

Hirst 

1922 

72 

13 

18 1 

Zweifel, E 

1923 

107 

8 

7 5 

Englemann 

1923 

2U 

27 

11 1 


























122 


H J STANDEE 


AUTH02. 

j YE\R 


Deaths 




Number Per cent 


Conservative therapy— Continued 


Zweifel, P 

1923 

317 

27 

8 5 

Hingston and Mudaliar 

1923 

459 

81 

17 6 

Beck 

1924 

38 

7 

18 4 

Bunzel 

1924 

54 

6 

11 1 

Langrock 

1924 

66 

16 

24 3 

Hmselmann (Stroganoff) 

1924 

3,302 

307 

10 8 

Lawrence 

1925 

28 

7 

25 0 

King ! 

1925 

7 

0 

00 0 

Wilson 1 

1925 

137 

1 

1 14 

12 8 

Alton and Lincoln 

1 1925 

1 4 

1 

25 0 

Speidel 

1925 

11 

2 

18 2 

Davis and Harrar 

1926 

149 

23 

15 4 

Dorsett 

1926 

38 

2 

5 3 

Lazard, Irwin and Vruwink 

1926 

103 

14 

13 6 



5,976 

665 

11 1 


His tabulation shows that in the 4607 cases treated radically the 
mortahty was 21 7 per cent, as contrasted with 111 per cent in 5976 
cases treated conservatively In other words, the mortahty was 
reduced by nearly one half in the conservative series 

Plass writes 

“At present there can be no question but that the regular treatment for 
eclampsia should be conser\''ative, with radical surgical procedures reserved 
for the imusual cases with comphcations which themselves afford mdications 
for operative dehvery. One fact which should recommend this conclusion 
to you all IS that conserv^ative treatment may be earned out in the home 
witli httle added risk, whereas under such circumstances the danger from 
operative mtervention is markedly mcreased Ideally, all eclamptics should 
be treated in hospitals, but that is not yet possible, and it should be very 
consolmg to the rural practitioner to know that he can, when necessary 
treat his eclamptic patient m the home by medical means and yet be 
foUowmg the best medical teadung 

There seems very little to choose between the vanous conser\'^ative treat- 
ments in vogue They aU give practically the same results m the hands of 
their exponents Tweedy and tlie Dubhn School have rehed upon ehmma- 
tion and stan'ation Stroganoff upon moiphme and chloral, and Lichen- 
stein upon copious venesection The routines advocated by American 
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authors are mostly based around these three methods, but usually with 
rather essential modifications, dictated by some pecuhar sLant of the indi- 
vidual The Stroganoff procedure is the simplest and therefore the most 
widely applicable, since it may be earned out away from a hospital and 
independent of any elaborate equipment ” 

It IS impossible to review in detail the work of the various advocates 
of these two methods In a discussion on the use of magnesium sul- 
phate Standee compiled the followmg table mdicatmg the end results 
obtained m 12 obstetneal chmes with radical and conservative treat- 
ment, respectively From it one will see that although the con- 
servative method of treatment usually gives better results as far as the 
maternal mortahty is concerned, the fact cannot be ignored that cer- 
tain clinics are obtaining excellent results with radical methods of 
treatment 


Gross maternal morlahly in eclampsia 


Auxnoa AJTO ctrnc 

NUVBER 
or CASES 

TaCATirENT 

UOKTAUTY 

Stoeckcl— Lcip&ig 

119 

Radical 

8 4 

Leidemus— Helsingfors 


Radical 

14 2 



Radical 

20 0 

Da\ IS and Harrar — New York Lying In 

149 

Conservative (vene- 
section) 

IS 0 

Miller and King — ^New Orleans Chanty 

138 

Radical 

47 8 

Hospital 

38 

Conservative (mod 
Stroganoff) 

15 8 


no 

Radical 

22 8 

Williams — ^Johns Hopkins Hospital 

198 

Conservative (mod 
Stroganoff) 

13 6 


394 

Radical 

18 5 

Zweifel—Lcipzig 

317 

Conservative (vene- 
section) 

8 5 

Powitzcr — Berlin 

245 

Mixed 

18 0 

Engclmann— Dortmund 

222 

Alixcd 

10 4 

Hochcnbidilcr — ^Vienna 

275 

Mixed (quartx light) 

18 1 

rorssner— Stockholm 

Lamrd, Invin, Vniwmk and JIcNcile — 

102 

Conservative (Stro- 
ganoff) 

10 8 

Los Angeles 

133 

Conservative 

(MgSOd 

13 0 

Dorsett and Died mann— St Louis 

94 

Con'tervative 

(MgSOO 

11 7 
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In this controversy as to the merits of the two methods some 
writers take very extreme views, for example Liepmann states that the 
only efScient treatment of eclampsia is by the method of rapid dehvery 
and Stoeckel is similarly inclined It should be pointed out that 
any statistics not covering a large series of cases, say at least 100, 
are of no great value, as in smaller series the numbers are too small 
to exclude acadental comcidences and consequently the conclusions 
drawn from them may be entirely misleading Wilson in 1925 and 
Williams in 1927 analyzed the eclamptic statistics of this hospital 
Williams inclines towards the conservative method of treatment as the 
result of the analysis of 275 cases treated by both methods He 
reports a maternal mortality in the actively or radically treated cases 
of 22 8 per cent and in the conservatively treated cases of 13.3 per cent 
The StroganoS treatment is perhaps the most widely used conser- 
vative method and the following is Stroganoff's own description of 
his method 

“ 1. Upon admission; (a) Dark room with a minimum of noise (b) 
Special nurse, (c) Examination or disturbance of patient only 
when absolutely necessary, and then usually under chloroform 
(d) 0 015 (0 01-0 02) gram morphme hypodermically, while 
under chloroform narcosis, — usually about 10 to IS grams of 
chloroform being employed 

2 One hour after admission' 2 0 (1 5-2 5) grams chloral hydrate per 

rectum with 100 cc normal salt solution and 100 cc imlk 
Should the patient be conscious the chloral hydrate can be 
administered without the use of chloroform, except where the 
patient has had one or more convulsions after admission, then 
about 10 grams of the anesthetic are used with each dose of 
chloral hydrate 

3 Three hours after admission 0 015 (0 01-0 02) gram morphine 

hypodermically under 10 to 15 grams chloroform 

4 Seven hours after admission; 2 0 (1 5-2 5) grams chloral hydrate, 

as above 

5 Thirteen hours after admission* 15 (1 0-2 0) grams chloral 

hydrate, as above 

6 Twenty-one hours after admission. 1 5 (1 0-2 0) grams chloral 

hydrate, as above 

7. After each convulsion Oxygen is admimstered as quickly as 
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possible This is kept up until the breathing improves, usually 
about 5 minutes 

8 After three convulsions in the dime Venesection of not more than 

400 cc is resorted to 

9 In case of frequent convulsions Chloroform and chloral hydrate 

to be used more energetically than outhned above 

10 No convulsions for tliirty-four hours If patient has been free 

from fits tor tveenty-four hours or longer after admission, and has 
not yet been delivered, she should be given about 0 5 grams 
chloral hydrate every eight hours for about three days 

11 Operative delivery is resorted to only when intervention becomes 

absolutely necessary for the sake of the child ” 

Since we know that chloroform produces central necrosis of the hver 
lobules and that in edampsia we usually have to deal with a hver lesion, 
it does not seem logical to employ chloroform in its treatment Fur- 
thermore from studies in this clinic it did not appear to us that vene- 
section was of any great benefit Since the fall m blood pressure follow- 
ing it was usually temporary, and in order to dilute the toxms effec- 
tively, if such were possible, one would have to withdraw 1500 cc or 
more of blood Consequently, the Stroganoff treatment was modified 
at the Johns Hopkins Hospital by omitting the venesection, and the 
following printed directions are at present routinely followed at that 
institution 


dispensary 

“1 Patients must be sent into the hospital whenever they show 

(a) Systolic pressure of ISO or more and albumm 

(b) Undue rise in diastolic pressure 

(c) Any one of the above symptoms associated with severe head- 

ache, epigastnc pain or pronounced edema 

(d) Sudden amaurosis, even if none of the conditions mentioned 

above are present 

2 PaUents with increasing blood pressure and definite trace of albumm 
must visit the dispensary twice a week If they do not follow 
directions. Social Service must visit them promptly 
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WARD SERVICE 
Toxemias 

1 In moderately sick patients when tke albumin does not fall to 

below 1 gram per bter witbin a week, or when the general 
condition is not satisfactory, the induction of labor should be 
seriously considered. 

2 Very ill patients will probably have induction of labor sooner, 

immediate induction when amaurosis develops suddenly, either 
with or without pain (epigastric). Inprmiiparae with a rigid 
cervix, cesarean section may be considered. 

Eclampsia 

1 Upon Admission Patients with frank eclampsia are: 

(a) To be placed m a quiet darkened room and to be disturbed as 

httle as possible. 

(b) To have special nurse continuously until definitely out of 

coma 

(c) To have J grain morphia by hypodermic immediately. 

(d) To be cathetenzed, exammed medically and obstetrically and 

bled for 200 cc. under nitrous oxide anesthesia if conscious. 
The venesection is done only when it is necessary to obtain 
a blood specimen for research work 

(e) To be placed on one side, with foot of bed elevated so long as 

coma persists Mucus to be swabbed from pharynx as it 
collects 

(f) To have water freely when conscious. If patient cannot 

drmk on account of coma or lack of desire, the intravenous 
admimstration of 500 cc of 5 per cent glucose solution 
should be considered 

(g) Not to be dehvered until after cervix is fully dilated. Then 

by the simplest operative means, unless spontaneous de- 
hvery seems imminent 

(h) No chloroform to be used 

(i) Notify the chemical assistants as soon as patient is admitted, 

so that the necessary observations can be made 

2 One how after admission If comatose give 2 grams chloral hydrate 

in 100 cc of normal salt solution, and the same quantity of 
milk per rectum If conscious the chloral can be administered 
by mouth in 100 cc of millc 
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3 Three hours after admission 

J gram morplua hypodermically 

4 Seven hours after admission 

2 grams chloral hydrate as above 

5 Thirteen hours after admission 

1 5 grams chloral hydrate as above 

6 Tivenly-one hours after admission 

1 5 grams chloral hydrate as above 

(a) While eclamptic patients are under treatment, the assistants 

and nurses must insist upon the greatest possible quiet on 

the fifth floor 

(b) Catharsis, sweating or venesection in excess of 200 cc must 

not be employed 

(c) No change to be made in above schedule unless authonzed by 

Drs Williams or Standee ” 

McPherson, Zubrzycki, King, Speidel, Davidson, Davis, Beck, 
Bear and Bauch all advocate the conservative metliod of treatment 
Clason m a recent article reports a mortality of 5 6 per cent m a senes 
of 125 cases of eclampsia treated at the General Matermty Hospital 
in Stockholm by the complete or the modified Stroganoff-Zweifel 
method, except that pregnancy was interrupted in some of the cases 
where the symptoms m spite of treatment remained unchanged or 
became more severe 

Stroganoff himself has reported a large series of cases treated by his 
method In his latest communication he states that 578 cases have 
been treated by his older method and 300 by his improved prophylactic 
method with a total maternal mortality of about 1 per cent 

Prom a study of Stroganoff’s statistics, Stander found that about 
70 per cent of his eclamptic patients had no convulsions before admis- 
sion to the clinic and developed the condition only after admission, 
and of these 50 per cent had only one convulsion He concludes that 
Stroganoff deals with mild and unneglected cases, while in most obstet- 
rical clinics in this country tlie patient is usually admitted after 
having had several convulsions at home and is in a desperate condition 
Katsuj a, although a believ er in the Stroganoff metliod, objects to the 
use of morphia, on tlie ground that it does not affect the cord reflexes, 
and m its place employs omnopon and scopolamine, winch very quickly 
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inHbit the reflex centers in the cord and exert very htle harmful 
influence on the center of respiration Instead of chloral he employs 
luminar, admimstered subcutaneously. His maternal mortality for the 
period of 1922-1925 in the Maternity Hospital at Tokyo was 5 per cent 
as compared with 20.8 per cent with the original Stroganoff method. 
Forssner likewise reports a maternal mortality of 8 4 per cent with the 
conservative treatment of Stroganoff and Zweifel, as agamst 19 per 
cent with active treatment 

A great advantage of the conservative over the radical treatment is 
that it affords us a means to treat intercurrent eclampsia, allow the 
pregnancy to proceed, and when mtervention is ilecessary it may be 
done at an elective time This does not mean that all cases of inter- 
current eclampsia will respond favorably to conservative therapy, 
although it is advisable that this treatment be given a trial before 
operative procedures are resorted to 

d Middle line treatment There are some who beheve that better 
results can be obtained by employmg a treatment which is neither 
conservative nor radical Zweifel changed from the active method of 
treatment to the so-called “hlittlere Linie’’ about 1911 and smce that 
time this method of treatment has been extensively used The 
treatment is expectant until it is evident that the conservative method 
is of no avail and active intervention is then resorted to Should the 
patient be a primipara with an undilated cervix Caesarean section may 
be the procedure of choice, otherwise less radical methods for terminat- 
ing pregnancy are employed 

From recent work in anesthesia it became apparent that chloroform, 
ether, nitrous oxide and even ethylene would produce lesions in the 
liver as well as changes m the concentration of the blood constituents, 
and furthermore that these changes in the blood constituents very 
closely simulated those observed in true eclampsia It was for this 
reason that Stander suggested that possibly the poor results following 
active intervention in eclampsia may be explained not by the operative 
procedure itself but by the general anesthetic usually employed He 
therefore recommended, when active intervention becomes necessary 
in eclampsia, that it be carried out imder local or spmal anesthesia 
This view is in agreement with the earher work of Davis and DeLee 
It is, furthermore, quite possible that a conservative method of 
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treatment, followed by operative intervention under spinal or local 
anesthesia whenever the patient does not improve, will give the best 
results 

e V eralriim nrtde In order to reduce the high blood pressure which 
IS usually associated with eclampsia, some have used veratrum vinde, 
which produces a rapid fall m blood pressure as well as in the pulse 
rate About a half century ago Reamy of Cincinnati mtroduced the 
drug in the treatment of this disease Stevens advocates the injection 
of 1 cc as soon as the patient is seen, but considers it dangerous except 
in the presence of actual convulsions and high blood pressure He 
reports a senes oi 25 personal cases with a maternal mortality of 16 
per cent Haultain and Bourne are both believers m the use of vera- 
trum vinde to control the blood pressure in eclampsia, and the latter 
advocates graduating the dose according to the height of the blood 
pressure, giving 1 cc when the pressure is 190 mm or above, and 0 25 
cc when it is between 140 and 155 mm He states that after a large 
dose of veratrum vmde the blood pressure may fall as much as 100 mm 
Haultain also administers the drug repeatedly in doses ranging from 
0 25 to 1 cc , and Smith and Rundlett likewise recommend it 

After the appearance of Cragm’s enthusiastic report Williams for 
a time treated every other case of eclampsia with veratrum vinde and 
the alternate case by the usual method, and found that the results in 
each senes were practically identical Consequently, the most he 
could say for it was that it did no great harm, and that it occasionally 
produced an alarming fall in pressure It is doubtful whether such a 
fall in pressure is really benefiaal and it should always be borne m 
mmd that a high blood pressure may even be a protective mechanism 
A generation ago veratrum was employed with a free hand in the treat- 
ment of eclampsia in this country, but at present its use has fallen 
into desuetude 

/ Venesection Venesection has been one of the recognized methods 
of treatment for hundreds of years, and when the “toxic” origin of 
eclampsia was first advanced, blood letting was justified upon the sup- 
position that it might serx'e to dilute or reduce the amount of “toxin” 
in the arculating blood stream Some also advocate it as a means of 
reduang the blood pressure Since phlebotomy was one of the 
earliest methods of treatment for many diseases, it was quite natural 
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that it should have been used to combat eclampsia The amount of 
blood withdrawn varied from a few hundred cc to 1000 cc or 1500 cc , 
depending upon the seventy of the attack and upon the boldness of the 
physiaan Waldstein wntes that if diet does not prevent oliguria, 
headache and ocular symptoms in a pre-eclamptic condition, vene- 
section should be carried out, and m the defimtely eclamptic patient he 
recommends the withdrawal of from 1000 to 1500 cc of blood, follow- 
ing the venesection by the infusion of sodium chloride He reports 
117 cases of eclampsia so treated with a maternal mortahty of 1 7 
Eberhard recommends venesection of 500 cc , and Nevermann, Schloss- 
mann, Zweifel, Lichenstem and Moran are among its advocates 
Neveimann observed the blood stream and the capillary vessels during 
the bleedmg and came to the conclusion that any improvement follow- 
ing it was due to a mechanical effect — namely the removal of venous 
blood containing toxins, which resulted in an mcreased blood flow 
throughout the arculatoiy system Schlossmann also believes that 
the action of venesection m eclampsia is a detoxicating one, and that 
any reflex effect or lessening of the viscosity of the blood is secondary 
He regards the fall in blood pressure following the bleedmg as a 
measure of the effectiveness of venesection 

The use of venesection in eclampsia has been temporarily discarded 
in this clinic and Stander wntes. 

“I cannot help but think that the high blood pressure in eclampsia in 
many instances may represent a protective mechamsm Consequently, 
if a change in the senupermeabihty of the walls of the penpheral vessels 
plays a role m eclampsia, as I beheve from experimental data which we are 
about to publish, it is safe to assume that the early and constant rise of the 
diastohc blood pressure is due to an increase in the penpheral resistance 
If this state of affairs holds true, then a nse in blood pressure should facihtate 
osmosis and ehmination Additional evidence in support of such a view is 
afforded by the fact that there is such divergence of opimon as to the value 
of venesection in eclampsia, as well as by the fact that one often notices a 
remarkably sudden return of the blood pressure to its ongmal high level 
after a venesection Moreover, I cannot agree with Stroganoff m thinking 
that a venesection of 200 to 300 cc can be of any material value m lowenng 
the blood pressure or in the elimination of “toxins,” and I hold that either 
It should not be employed at all, or if it is, that large quantities should be 
withdrawn (750-1000 cc) ” 
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g Ammomum chloride In order to treat the oedema which is often 
an accompaniment of eclampsia, Mussey suggested the use of ammo- 
nium chloride He states that its use is generally followed by prompt 
diuresis, disappearance of oedema, marked loss of weight, lowered blood 
pressure and nnprovement of the patient, and that the improvement is 
usually greater and more lasting than that obtamed by dietary meth- 
ods He also beheves that the increased excretion of unne and the 
decrease in the oedema, with resulting loss of weight following its use, 
probably carries off from the tissues a sufBcient amount of toxin to 
improve the condition He warns that, although there is usually little 
or no mcrease in the blood urea in eclampsia, ammonium chlonde 
should not be used ivithout previous determinaton of the blood urea 
content and the alkali reserve, as these may become markedly 
increased following the use of the drug 
Iverson and Nakazawa believe that oedema is usually caused by a 
low colloid osmotic pressure They found that in four cases wnth 
acute albuminuria there was a decrease in the colloid osmotic pressure 
suffiaent to account for the oedema They called attention to the 
fact, however, that mcreased hydrostatic pressure due to impaired 
arculation may also be an important factor 
h Squatting posture Lichenstein, believing that msuffiaently 
oxidized protein substances may develop m a retro-placental hematoma 
and cause eclampsia by their absorption, claims that the best results in 
Its treatment may be obtained by having the patient assume a squat- 
ting posture He states that, as the intra-abdominal pressure is about 
three times as great in the squatting as in the recumbent posture, the 
former will tend to prevent the formation of a retro-placental hema- 
toma, by making placental separation more difficult This squatting 
posture IS attained by having the patient’s head and shoulders raised 
and the legs flexed by means of pillow supports Hammerschlag in 
discussing the effects of this posture after dehvery, states that it is of 
httle value in the treatment of eclampsia 
I Ultra violet rays treatment Hochcnbichler was the first to inves- 
tigate the action of the quartz light m patients suffering from the late 
toxemias of pregnancy He showed that the rays lower the blood 
pressure and also decrease any existing aadosis Kermauner also 
recommends the use of ultra violet rays and believes that their good 
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effect may be due to their action on the vessel spasm in the kidneys, 
brain or skin The number of cases thus far treated by this method 
is too small to justify any definite conclusions as to its efficiency, but 
as its application is simple and apparently harmless, further reports 
as to its chnical value will be awaited with interest 

3 K^dney decapsulation The theory that eclampsia is due to failure 
of the excretory organs to eliminate any accumulating toxins of preg- 
nancy, has led some investigators to remove the capsules of the kidneys 
in order to facihtate the function of those organs Edebohls first 
performed renal decapsulation in a case of eclampsia in 1902, and since 
that time the subj'ect has been reviewed by many writers, notably 
Pinard Lubbert reported two cases where strippmg off of the kidney 
capsule resulted in cessation of convulsions and complete recovery, and 
Cardwell and Brkndeau both recommend it Julhen reported a case 
successfully treated by decapsulation, but confesses that the indica- 
tions for such intervention are very obscure, as some of the severest 
and most alarming cases often recover spontaneously and quite 
unexpectedly He states that in 80 per cent of the cases decapsulation 
has given a good functional result, although the mortality ranges 
around 40 per cent In general, it may be said that decapsulation 
is very rarely practised today in the treatment of eclampsia 

k Lumbar puncture According to the oedema theory of Zange- 
meister, intra-cranial pressure plays the most important r61e in eclamp- 
sia, and it may be relieved in either of two ways — by lumbar puncture 
or by trephining Lumbar puncture was used in the treatment of 
eclampsia in 1904 by Kronig Voron and Mantalm report three cases 
so treated after the usual treatment with sedatives and eliminants had 
failed In each instance they obtained a clear fluid under normal 
pressure, and its removal was promptly followed by marked improve- 
ment, especially of the nervous symptoms, visual disturbances and 
headaches 

Wieloch recommends the use of sub-ocapital trephining for both 
diagnostic and therapeutic reasons He removes as much as 58 cc of 
fluid and measures the tension according to the method of Kausch 
He states that the pressure in the asterna is normally about 150 mm 
of water and approximately the same as in the lumbar canal. He 
found an increase in pressure in all his eclamptic cases except one. 
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which sometimes was as much as 100 mm He states that in over SO 
per cent of the cases the blood pressure falls after the puncture is 
made, and that diuresis was produced in 38 per cent He goes so far 
as to recommend trephining not only in true eclampsia, but in 
pre-eclamptic patients as well Years ago lumbar puncture was 
mtermittently practised in this clinic, but the results following it were 
so little encouraging that its employment was abandoned 
I Pulmonary oedema As we all hnow, eclamptic patients some- 
times succumb to pulmonaiy oedema, and Moore and Lawrence state 
that pulmonary oedema was the immediate cause of death in about 
one tlurd of their fatal cases Because of the high madence of death 
due to this complication, these authors developed a method of pro- 
viding continuous endo-bronchial aspiration, by means of an apparatus 
which IS very simple and readdy transportable, and whose employment 
they state presents no unusual difficulties to one trained in broncho- 
scopic technique They advise that a bronchoscopist should be 
available in evety obstetncal service 
Towards this same end Tweedy long ago directed attention to the 
necessity of preventing oedema of the lungs, by plaang the patient 
m such a position that the nose and mouth are lower than the bottom 
of the chest, and turning her from side to side every half hour To 
prevent aspiration of saliva into the bronchi and to retard the develop- 
ment of pulmonary oedema, it is customary in many clinics to have the 
foot of the bed elevated about 10 inches off the ground and to have the 
patient he on her side with special instructions to the nurse to swab 
out the patient’s throat whenever necessary 
«i Serum Mayer in 1913 reported a case in which the serum of a 
normal pregnant woman was used to treat the eclamptic condition and 
was followed by recovery A lumbar puncture was done and 5 cc 
of fluid extracted, and this was replaced by the injection of 5 cc of 
normal blood serum from a healthy pregnant woman Recently 
McMahon recommended the use of blood serum obtained from eclamp- 
tic patients This is given intravenously in doses ranging from 40 
to 160 cc He reports ten patients treated successfully by this method 
In the Boston Lymg-In Hospital there has been developed a new 
serum method, whicli puts into practice the method of plasma-phaere- 
sis which was developed experimentally by Abel some years ago 
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Dr Irving in a personal communication described this method as 
follows, 

“To begin with it is not a serum treatment at all but a removal of a certain 
amount of the blood plasma, m other words a plasmaphaeresis done much 
as Abel, Rowntree and Turner did theirs on dogs We proceed as follows 
When an eclamptic is admitted she is at once started on the StroganofF 
regime She is then bled 1 liter into citrated solution under sterile pre- 
cautions The blood is then decanted into four sterile centrifuge flasks of 
500 cc each Each flask contains about 250 cc of citrated blood The 
two flasks which are to be opposite each other in the centrifuge are balanced 
on the scales, using the necessary amount of salt solution for the purpose 
The flasks are then covered with sterile paper caps and the whole number 
of them centrifuged for twenty mmutes They are then removed from the 
machme and the supernatant plasma pipetted off. We do tbs by using a 
sterile siphon tube wbch goes through one of the holes ina two hole stopper 
into a flask Through the other hole goes a suction tube to start the siphon 

Enough normal sahne to make the total amount in each flask up to about 
250 cc is now added The corpuscles are now diffused in the salt solution 
by gently rotating the flasks The flasks are balanced as before, centrifuged 
again for twenty minutes, and the supernatant salt solution siphoned off 
In other words, we wash the corpuscles once We then make the total 
quantity up to about 1 hter with normal sahne and remfuse it mto the 
patient 

We do not feel that this is the only way to treat eclampsia We do think, 
however, that it enables us to do venesections of large extent and leave our 
patients no worse for them In most cases we find that the red count is no 
less after the plasmaphaeresis than it was before If toxemia is caused by a 
toxin in the circulation it is probably in the plasma and not m the cor- 
puscles By removing a considerable portion of the plasma we feel that we 
are carrying out a rational procedure 

We have done tbs about fifteen times, and on two patients, twice We 
have had only four eclamptics, all of whom recovered We have also been 
able to reduce the blood pressure in preeclamptic toxemia, where, following 
dehvery, there had been no reduction of the hypertension. It has done no 
good to 'the cbonic nephritics Our cbef difficulty has been in getting 
enough eclamptics to use the method on 

n Uver extract Miller and Martinez have used liver extract or 
“hepannone” in the treatment of eclampsia They write: 
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"If perchance the liver has a certain neutralizing function, •which could 
be conserved by the addition of hver substance, however given, it would 
make little or no difference regarding the nature or source of the toxic 
agent of eclampsia provided the -vital capacity of the hver could be increased 
at will to meet the emergencies of the situation With this thought as a 
background we began (October 1926) the use of heparmone m the treatment 
of pie eclamptic and eclamptic cases ” 

In their latest communication these authors report 43 consecutive 
eclamptic cases so treated, with a maternal mortality of 6 9 per cent 
If they can continue to obtain such excellent results in a large senes 
of cases the use of heparmone in the treatment of eclampsia wdl be 
certainly warranted They report no untoward symptoms or results 
following the use of the extract, although m some women they gave 
as much as 275 cc intravenously uithin a period of 12 hours Their 
results are a stimulation to a further experimental and chnical test of 
the efficacy of this extract 

0 Magnesium sulphate The intravenous administration of mag- 
nesium sulphate has been fairly extensively used in the treatment of 
eclampsia dunng the past ten years, and some authors, such as Lazard, 
Rucker, and Dieckmann, report excellent results 
Stander, in a recent review of the results obtained -with this drug, 
concluded that the clinical experiences, as reported in the literature, 
are encouraging, but warned against the intravenous administration 
of too large a dose or too concentrated a solution of the salt He 
advocated that when the drug be given intravenously, the strength of 
the solution should not exceed 10 per cent, and that at no tune should 
the patient be given more than 20 cc of such a solution, as in dogs he 
TV as able to produce hver lesions, and in some cases death, by the intra- 
venous administration of too large an amount, or too concentrated a 
solution, of the sulphate He considers that a total of 6 grams of 
MgSO<, admimstcred intravenously m 20 cc doses of a 10 per cent 
solution over a penod of about twenty-four hours, is within the lumt of 
safety for an average-size woman, but that anything exceedmg this 
may prove dangerous The intramuscular administration of magne- 
sium sulphate may be a safer procedure 
Lazard and his co workers have treated a large senes of eclamptics 
with this drug, with fairly good results, and are enthusiastic advocates 
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of its use As further reports are published on the therapeutic value 
and toxicity of magnesium sulphate, we may be able to arrive at a truer 
evaluation of its worth in the treatment of eclampsia 
p Diet A great deal has been written about diet m eclampsia, and 
our attention was definitely focused on the amount and type of food 
the eclamptic patient received, when we learned that a marked reduc- 
tion in the inadence of eclampsia had occurred during the war, at a 
time when the women were receivmg less food than normally and when 
the diet consisted mainly of carbohydrates Tweedy and his co- 
workers believe that the diet may even function as an etiological agent 
in the production of eclampsia, and consequently lay particular stress 
on the kmd and amount of food patients should receive Persson 
states that the treatment of eclampsia is one of diet and in the more 
severe cases venesection may be of help Mastre recommends a diet 
low in protein and salt Diet is undoubtedly of help in the prophy- 
lactic treatment or in the pre-eclamptic, but the average eclamptic 
patient that one sees m the hospital oi at home, and who has had three 
or four or more convulsions, is usually semi-consaous and unable 
to take any food or fluids, even should it be desirable 
The Dublin School of obstetriaans, under the leadership of Tweedy 
and others, have developed a particular method of treating eclampsia 
which has espeaally aroused our interest because Eden, in his careful 
report to the British Congress of Obstetriaans and Gynecologists in 
1922, showed that the maternal mortality followmg the use of the Dublin 
nethod was the lowest in the British Isles According to Solomons, 
"he method consists pnmanly m starvation, gastnc lavage, bowel 
avage, morphia, injection of sodium bicarbonate under the breast 
ind dose observation to prevent drowning or other acadents. In most 
rases the patient receives nothing but water for several days and should 
;here be no improvement Caesarean section may be performed The 
gastric lavage is continued until the water returns clear, when 2 oz 
)f magnesium sulphate solution are left m the stomach The bowel 
avage is given with the patient on her left side, with the tube mserted 
.8 mches into the bowel Sodium bicarbonate, 1 gram to one pmt, is 
ised until the bowels are clear and then one pmt of the solution is left 
n the bowel Solomons wntes that recently they have omitted the 
ise of moiphia and states that their average maternal mortality is 
bout 10% 
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q Morphia Morphia has been used for half a century in the treat- 
ment of eclampsia Gustav Veit was the first to propose its routine 
use, and since his tune this drug has been employed either alone or in 
conjunction with other methods of treatment Stroganoff developed 
his method of treatment with morphia as its basis Roe reported 
a senes of thirty-two cases treated by morphia and colomc irngation 
This author uses 0 02 gram of the drug upon admission to the hospital, 
with half this dose again in another half hour, continuing with 0 001 
gram at hourly intervals thereafter Rouvier treats his cases in a 
similar way using small doses of morphia repeatedly at frequent inter- 
vals, and IS enthusiastic as to its effect Ferrere states that the maxi 
mum benefiaal dose of morphia in the treatment of eclampsia is 0 12 
gram but that larger doses may be given without danger to the patient 
McPherson,at the New York Lying-In Hospital, has reported large 
senes of cases treated with this drug He gave morphia till the res- 
pirations fell to 8 per minute In this chnic, some years ago, we did 
likewise, but at present never adimmster more than \ gram at one time 
nor more than f gram in twenty-four hours 
It has recently been shown that morphia raises the CO 2 combimng 
power of the blood, and this property, together with its sedative action, 
may explain the good results following its use in eclampsia 
r Acidosis treatment One of the most charactenstic features in 
most cases of eclampsia is a marked aadosis, as has already been dis- 
cussed above The CO 2 combming power m the average case ranges 
around 30 volumes per cent, and in severely ill patients it is notunusual 
to see It drop as low as IS volumes per cent Following the work of 
Thalhuner on the use of insuhn in post-operative aadosis. Standee 
and Duncan tned insuhn to combat the aadosis of eclampsia They 
followed the suggestion of Thalhuner and gave a protective dose of 
glucose, amounting to 2 grams of glucose per umt of insuhn, in order 
to prevent the development of hypoglycemic symptoms Insuhn 
alone, as well as insulin together with glucose, has been quite exten- 
sively used dunng the past few years to overcome the aadosis in severe 
eclampsia In general it may be said that when the CO 2 combimng 
power drops below 30 volumes per cent, the patient is suffenng from 
an aadosis which is probably the result of the eclampsia, and when 
It falls below 20 volumes per cent, the patient is usually desperately ill 
and IS in urgent need of anti-aadosis treatment 
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Collazo and Dobreff tested the action of insulin on the glands of 
external secretion and came to the conclusion that it definitely affects 
the basal metabolism, water distribution, colloidal condition of the 
cells, and such ferments as diastase 

Loeser reports 45 cases treated successfully with insulin and recom- 
mends that in eclampsia 20 to 40 units of insulin, together with 1 to 2 
grams of glucose per unit of insulin be given. Vogt regards insulin and 
glucose as an excellent treatment for eclampsia He administers from 
5 to 50 units daily, combined with an enema of from one half to 1 
liter of a 3 to a 5 per cent solution of dextrose The acidosis of eclamp- 
sia may also be combated by drugs other than insulin Wilson m a 
recent article recommends the use of sodium bicarbonate and places 
special emphasis on the CO 2 combining power as an index of the degree 
of acidosis This author feels that while glucose will distinctly reheve 
an alkali deficit in either eclampsia or vomiting of pregnancy, it cannot 
be relied upon to raise the CO 2 combining power of the blood speedily 
enough in urgently sick patients He regulates the dose of sodium 
bicarbonate to avoid producing an alkalosis, and combines the sodium 
salt with glucose mjections wherever feasible 

Rodenacker believes that eclampsia is the result of a disturbance of 
oxidation and therefore recommends the use of insulin as a preventive 
in all cases where the oxidation is known to be disturbed Schwab 
recommends the use of oxygen in severe cases of eclampsia because he 
believes that the intoxication from CO 2 is one of the principal dangers 
in eclampsia 

s Summary From this review of the various methods of treatment, 
it must be apparent that we have as yet no satisfactory way of com- 
bating this dreaded disease, whose average maternal mortality of 10 
to 20 per cent is still far too high, while the foetal mortality, approx- 
imately 30 per cent, is much worse We do not know the cause of the 
disease, and our treatment is consequently entirely empiric or sympto- 
matic At present the most logical and most promising treatment 
appears, to the author, to be one which is conservative, associated with 
radical interference under spinal or local anesthesia, should the 
conservative methods prove of no avail and the patient’s condition 
become progressively worse 

Frequent blood analyses will reveal the presence or absence of a 
developing acidosis, and should the CO 2 combming power of the blood 
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fall to dangerously low levels (25 volumes per cent or lower) anti- 
aadosis treatment is urgently needed For such a purpose, insulin 
with a protective dose of glucose, usually 30 units insulin and 60 grams 
of glucose m a 10 per cent solution, often acts efiiciently 
In order to compare the different methods of treatment as practised 
m various lying-in hospitals, the author communicated with many 
of the leading obstetncians in this country and abroad They were 
asked to state their views regarding the etiology, method of treatment 
and results obtained in eclampsia The information gathered in this 
manner was most interesting and instructive It was the general 
opinion that the cause of the disease is as yet unknown, and that it 
will probably be discovered in the course of metabohc investigations 
The followng table representsin bnef the types of treatment employed 


CUNIC 

TaEATltENT 

Bailey, New York 

Conservative 

Bnndcau, Pans 

Radical 

Caldwell, New York 

Conservative plus paraldehyde 

Danforth, E\anstoa 

Conservative plus v enesection 

Da\ IS, Milwaukee 

ConservaUve plus magnesium sulphate 

DeLce, Chicago 

Radical 

Dicckmann, St Louis 

Conservative plus magnesium sulphate 

Duncan, Montreal 

ConservaUve 

Ehrenfest, St Louis 

ConservaUve and occasional section 

Foulkrod, Philadelphia 

ConservaUv c plus induction (rupture membrane) 

Holmes, Chicago 

Conservative 

Johnstone, Edmburgh 

ConservaUve plus colonic lav age 

Keller, Philadelphia 

Autogenous vacanes and middle line therapy 

Lazard, Los Angeles 

Conservative plus magnesium sulphate 

Litzenberg, Minneapolis 

Conservative plus venesection 

Miller, New Orleans 

Conservative 

Miller, Pittsburgh 

Conservative plus heparamone 

Mussey, Rochester, Minn 

ConservaUve 

Newell, Boston 

ConservaUve 

Piper, Philadelphia 

Middle line therapy 

Plass, Iowa City 

Conservativ e 

polak, Brooklyn 

Consen aUv c plus magnesium sulphate 

Rucker, Richmond 

Conservative plus magnesium sulphate 

Schumann, Philadelphia 

ConservaUve and occasional section 

Solomons, Dublin 

ConservaUve plus gastne and colonic lav age 

Spalding, San Franasco 

Conserv auve 

Titus, Pittsburgh 

Conservative plus glucose 

"Ward, New ^ ork 

ConservaUve plus bag induction 

Wilson, Rochester, N Y 

Conservative 
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From this it will be seen that conservative treatment has in great 
part replaced operative interference in the treatment of the disease 
It is also interesting to note that many authors are swingmg toward a 
“middle hne” therapy and are advocating Caesarean section under local 
or spinal anesthesia m certain selected cases 
Eclampsia in mother and chid Cases have been reported of edamp- 
tic convulsions in both mother and child Schwarzkoph in 1927 
descnbed 30 cases collected from the hterature and Loebel, Kissinger 
and Laffont, and Gaujoux also report similar cases It goes without 
saying that such cases are of great practical and scientific mterest, as 
they indicate that the disease is due to the circulation of some “toxic" 
substance At the same time great caution should be used in accept- 
ing them unless both mother and child have been subjected to autopsy 
and the existence of the characteristic hver lesions have been demon- 
strated in both by competent histological examination 
The mortality of children of edamptic mothers is about 40%, accord- 
ing to Neugarten. He studied the fate of 81 living children of eclamp- 
tic mothers and found that after one year or more six of them had died, 
although the causes of death had no direct relationship to the maternal 
eclampsia Of the 81 hving children, 24 were re-exammed in the hos- 
pital, one had suffered from convulsions, and all were entirely normal 
in physical and mental development 

In a recent contribution. Turns analyzed the foetal mortality as 
recorded from different clinics in Germany, and prepared the following 
table 


Foetal morlahty in eclampsia 


Zweifel 

V Franque 

Lichtenstein 

Zacheral 

Wemgarten 

Bund 

E Martin 

R Freund 

Heinlein 

Stoeckel 


ftr cent 

37 
41 
39 
35 
35 
30 
10 
11 5 
16 
8 6 


He further compared the foetal mortality in Waldstein’s Clinic with 
that of Esch, and found the former to be 10 8 per cent and the latter 



TOXEMIAS OE PKEGNANCY 


141 


40 2 per cent He explains this marked difference by the fact that 
Waldstein employs active therapy while Esch adheres to the conserva- 
tive treatment 

It will be seen that the foetal mortality is on the average about 30 
per cent, and although our first consideration in the treatment of 
eclampsia is the welfare of the mother, it is hoped that the future may 
teach us to reduce further this appalling foetal mortality 

VI Acute yellow atrophy of the hver 

Acute yellow atrophy of the liver, also known as icterus gravis, is an 
acute necrosis of the liver cells accompanied by jaundice, disturbances 
of cerebration, and reduction m the size of the liver According to 
Thierfelder and Quincke, about 60 per cent of all cases reported in the 
hterature had occurred m pregnant women The disease usually 
proves fatal, but, fortunately, is of very rare occurrence, as only a few 
hundred cases have been reported 

Etiology The cause of the disease is unknown Williams states 
that poisons, such as chloroform, arsemc, mercury and phosphorus, as 
well as certain diseases (syphihs, septicemia and congestion and cirrho- 
sis of the liver) may be predisposing factors in some of the cases re- 
ported Titus suggested that acute yellow atrophy of the liver may 
have the same etiology as eclampsia and vomiting of pregnancy 
Certainly nothing definite is known regarding the etiology of the 
disease 

Pathology The outstanding finding m acute yellow atrophy of the 
hver IS the remarkable hepatic atrophy The hver is often reduced 
to less than half its normal size, with a corresponding decrease in its 
weight, and a softening m its consistency Central necrosis of the 
liver lobule is the charactenstic histological picture, although the 
necrosis may extend throughout the lobule in the severe type of the 
disease The interlobular spaces are not affected, the blood vessels 
and bile canals maintaining a normal appearance, associated with the 
hepatic lesions, one often finds acute changes in the epithelial lining 
of the convoluted tubules of the kidney, while the collecting tubules 
and glomeruli remain normal 

Symptoms The disease may develop very suddenly, with sharp 
abdominal pain, headache and vomiting Dehnum, coma or con- 
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\ailsions may follow quite promptly these prodromal symptoms 
Jaundice^ develops rapidly and may become quite marked The pulse 
and respiration are rapid, while, in contrast to the usual picture in 
eclampsia, the blood pressure is not elevated and the unne contains 
a slight amount of albumin Instead of this rapidly developing 
course, the onset of the disease may be less acute and simulate pre- 
edampsia. For a detailed description of the symptoms the reader is 
referred to the standard text-books on Obstetrics 

In the differential diagnosis between acute yellow atrophy of the 
hver and vomiting of pregnancy or eclampsia, the clinical course, and 
particularly the presence of icterus, the size of the liver, examination 
of the urine for leudne, tyrosine and the nitrogen partition, as well as 
analysis of the blood will be of definite assistance We have already 
noted the changes m the urme and blood which usually accompany 
vomiting of pregnancy and edampsia, respectively It should also 
be noted that a general septicemia due to the gas bacillus may some- 
times simulate acute yellow atrophy, and it is often very difficult to 
differentiate clinically between these two conditions This was exem- 
plified by a patient observed in this dime last year, and Kohl in 1928 
directed attention to the jaundice, cyanosis and the hematuria, which 
may occur m the former condition 

Stadie and van Slyke reported increased amino-add nitrogen m the 
blood of a patient suffering from acute yellow atrophy of the hver. 
Wells studied the chemical composition of the hver m a case of acute 
3 '-ellow atroph}’- and found a considerable number of amino-aads, some 
of which had not predously been found free m human tissues These 
amino-aads were leudn, tyrosm, glycocoU, alamn, pyrrohdin-carbonic 
add, glutaminic aad, aspartic add and lysin Though histidm was 
also present, he was unable to isolate it He obtamed a total of S 
grams of ammo-adds from approximately 700 grams of liver tissue, 
corresponding to about 12 grams of amino-acids m the entire hver 
He agrees with Neuberg and Richter that all the amino-aads present 
could not have been derived from the autolj^zed hver cells There was 
also present a decrease in the diamino nitrogen Sulphur was normal, 
while phosphorus was increased and the amount of fat, both free and 
combined, was below normal 

Oastler and Jacobi studied a case of acute yellow atrophy of the hver 
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and found that the blood had an increased urea content amounting 
to 50 mgm The unc aad m the blood was 3 3 mgm and the 
creatin about 2 mgm , while the CO. combining power of the blood 
was 40 volumes per cent The patient’s unne revealed the presence 
of leusin and tyrosin 

Treatment Liver injury appears to be the outstanding characteris- 
tic of this disease, and from the expenmental work of Whipple, Mann 
and others on hepatic damage, it would seem that the best therapy 
would be the admmistration of glucose The glucose may be given 
intravenously in 10 per cent solution The disease usually ends 
fatally, although Wilson and Goodpasture are more optimistic and 
state that recovery from acute yellow atrophy of the hver is probably 
more frequent than is generally beheved 

The author wishes to express his sincere thanks to the many obste- 
tnaans, whose names unfortunately cannot be mentioned here, who 
were kind enough to furnish him with information regarding their 
views, laboratory findings and clinical results He feels espeaally 
indebted to Dr J Whitndge Williams for many valuable suggestions 
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PAROXYSMAL HEMOGLOBINURIA 
A Review 

G M MACKENZIE, M D 

From the iledKol CUmc of the Preshylerutn Hospital, Columbia University, Nnt York, and 
the Medical Service of the Mary Imogene Bassett Hospital, Coopersloum, New York 

HISTORICAL 

Pnor to the last half of the nineteenth century the disease entity 
now recognized as paroxysmal hemoglobinuria was not differentiated 
from conditions of quite different character Owmg to the absence of 
the necessary data in most of the early case reports and the probability 
that many of them dealt with intermittent hematurias or quite 
different types of hemoglobinunas, it is hardly possible to give to any 
one contributor the credit of discovery Dressier (1854) described a 
case of what he called intermittent albummuna and hematuria He 
noted the fact that the color of the unne was due to hemoglobin and 
not to blood, but failed to recograze the role of chilling His patient 
was a 10-year-old congenital syphilitic but the etiological importance 
of syphilis escaped him The fact that the child had daily attacks 
which promptly ceased when quinme was given, even though it was in 
the month of January, raises the suspiaon that this, like many of the 
other early case reports, dealt with malarial hemoglobinuria rather 
than true paroxjsmal hemoglobinuria Elliotson’s (1831) patient, 
sometimes included as an early case of paroxysmal hemoglobinuna, 
was a man who had had ague and was quickly cured by quinine 
The same is true of the patient recorded by Charles Stewart in 1794 
under the title “Account of a smgular periodical discharge of blood 
from the urethra terminating successfully” Success followed the 
administration of Peruvian bark One of Harley’s (1865) two cases 
which had “intermittent hematuria” made a quick recovery on 
mercury and quinine, the other seems unquestionably to have been a 
case of paroxysmal hemoglobinuria, but Harley was unaware of the 
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role of syphilis and the nature of the colormg matter in the urine 
Pavy (1866) diflferentiated the disease from the hemoglobinuna of 
malaria, and Secchi (1872) confirmed Dressler’s observation that it was 
hemoglobin and not blood which caused the dark color in the unne 
Gull (1866) recognized the r61e of chilling but considered ague as one 
of the causes of the disease, but not the only cause He thought that 
trauma might also be etiologically related to the occurrence of attacks 
Rosenbach (1880) showed that an attack could be artificially produced 
by immersion of the patient’s feet in ice water for 10 minutes This 
has been called the Rosenbach test and is still of use both in the 
differential diagnosis from other forms of hemoglobinuria and for the 
purpose of studying the phenomena of a typical paroxysm Lichtheim 
(1876) wrote an excellent report on three cases, in one of which stnking 
vasomotor disturbances in the form of large wheals and prickling 
sensations were present durmg the attacks Popper, S Mackenzie 
and Muni also called attention to the vasomotor phenomena Lich- 
theim recognized the fact that the urine was colored with hemoglobin 
and not with blood, that the paroxysms were brought on by chilling 
and, on the basis of Ponfick’s pioneer transfusion experiments, he 
assumed that hemoglobinaemia occurred He was led to this assump- 
tion also by the knowledge that water, arsenuretted hydrogen, and 
other substances causing hemolysis in vitro also cause hemoglobmuna 
It had been thought previously that the hemolysis occurred in the 
kidneys An English physidan signing himself merely as '"D” had 
suffered from the disease for 11 years and in 1879 published an account 
of his observations on himself He emphasized the absence of 
parallehsm between the rise of temperature and the other phenomena 
of the attack He considered the “essence of the disease as a burned 
and imperfect formation of blood corpuscles, which easily stagnate in 
the capillanes under cold, and quickly perish, and so are eliminated by 
the kidneys as a broken-down mass of blood-stuff ” He was appar- 
ently unfamihar, therefore, with some of the previous observations 
Kussner (1879), by observing the color of the serum obtained with a 
cupping glass and companng it with serum obtained during intervals 
between attacks, demonstrated that Lichtheim’s assumption of intra- 
vascular hemolysis and hemoglobinaemia was correct Ehrlich 
(1881), too, was interested m the mechanism of this disease He 
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showed that by tying a ligature around the finger of one of these 
patients and immersing it in ice water hemoglobinaemia occurs 
locally in the ligated and chilled finger This is known as the Ehrlich 
test His first assumption was that the red blood cells were abnor- 
mally susceptible to low temperatures, further studies, however, with 
red cells alone exposed to cold compelled him to discard this view 
He then concluded that in specifically disposed individuals under the 
influence of cold the vessel wall produces a ferment causing hemolysis 
Clearly, therefore, he came close to discovering the Donath and Land- 
steiner reaction In several of the cases recorded before 1 880 a history 
or clinical manifestations of syphilis had been noted, but the etiological 
relationship between syphilis and paroxysmal hemoglobinuria appears 
to have been unsuspected until Murri emphasized the fact that 
of the 36 cases which he found in the literature 15 were unquestionably 
syphilitic Gotze (1884), from observation of a child with congenital 
syphilis and paroxysmal hemoglobinuria and from a review of the 
literature, also calls attention to the etiological relationship between 
the two diseases and this he seems to have done independently of 
Mum Thus, before the end of the nineteenth century, despite the 
ranty of the condition, most of the clinical features were recognized 
Many observers had contnbuted, each adding something but each one 
overlooking other aspects of the disease It had been separated from 
the hematurias and from malarial hemoglobinuria, the etiological 
relation of syphilis was known, the r61e of chilling, the vasomotor 
phenomena, the occurrence of hemoglobinaemia, and the artificial 
production of attacks by chilling were well established In 1894 
Chvostek reviewed the literature very thoroughly and his mono- 
graph summarizes the existing knowledge and prevailing theories of 
the disease He divided the disease into two groups of cases — (A) 
those in which the resistance of the erythrocytes is quite normal, (B) 
those in which the resistance of the erythrocytes is diminished He 
concluded that changes in the constitution of the blood cells and hence, 
their resistance, might occur as a result of any one of a variety of 
etiological factors — syphilis, malaria, inanition, infectious disease, 
suppurative process, neoplasm 

Such was the conception of the disease at the time that the studies of 
Donatli and Landstciner (1904) illuminated the underlying mechanism 
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of the disease and demonstrated a test tube paradigm of what appar- 
ently is the essential feature of the disease These Viennese immunol- 
ogists, using oxalated blood from the finger, observed that in a mix- 
ture of the patient’s plasma and red blood cells left in ice water for a 
half hour no hemolysis occurred from the chilling alone, but that when 
the mixture was warmed the supernatant liquid became colored with 
hemoglobin Subjecting this reaction to further experimental 
analysis they demonstrated (a) that the serum or plasma of these 
patients contains a lysin having the pecuhar characteristic of being 
capable of uniting with the red cells only at low temperatures, (b) that 
the hemolytic reaction takes place in two phases — first, union of lysm 
and red cell at the low temperature and then, after the mixture is 
warmed, lysis of the red cells, (c) that complement (alexin) is essential 
for the second phase of the reaction, (d) that the lysm is both an auto- 
hemolysin and an iso-hemolysin, (e) that the red cells of these patients 
are not hemolysed by the serum of normal individuals This work 
stimulated many to study the serological reactions of these patients, 
abundant confirmation (Widal and Rostaine, Langstem, Eason, 
Grafe and Muller) of the Vienna observations was promptly forth- 
coming and the characteristic reaction is now almost umversally 
known as the Donath and Landsteiner, or as the Landsteiner reaction 
Occasionally m publications from Great Britain it is referred to as the 
“Eason phenomenon,” because m 1906 Eason descnbed the same 
effects from chilling mixtures of red cells, serum and complement 
He stated that his original communication was made before the 
Galenian Society of Edinburg in January, 1904, and since the first 
published description of the reaction by Donath and Landstemer 
appeared in September, 1904, Eason claimed prionty A search of 
the literature, however, fails to reveal any published record of such a 
communication before the Galenian Soaety 
Smce 1904 many studies of the serological mechamsm of the disease 
have been published The more accurate diagnosis of syphihs by 
means of the Wassermann reaction (1906) made it clear that certainly 
nearly all and probably aU genuine examples of paroxysmal hemo- 
globmuna are the result of syphilis, additional information has been 
gained about the behavior of the lysm, the clinical manifestations of 
the disease have been more thoroughly studied and the effects to be 
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expected from vanous forms of treatment are better known In brief, 
the twenty-five years since the first publication of Donath and 
Landsteiner have witnessed the addition of many details to our knowl- 
edge of the disease, but very little of fundamental significance 
Donath and Landsteiner believed that the charactenstic serological 
reaction discovered by them was an adequate explanation of the xn 
VIVO mechanism of the disease A number of observations which will 
be referred to later have, however, cast a good deal of doubt on the 
validity of this conclusion Despite the possibility of modification of 
their views on this fundamental question, their work stands as the 
most important single contribution toward comprehension of the 
mechamsm of the disease 

CLINICAL MANIFESTATIONS 

The symptomatology of this disease involves not only the climcal 
events occurnng dunng an attack, but also the more chronic effects 
of blood loss and almost any of the multifanous effects of late syphilis, 
either congenital or acquired 

In about 30 per cent of these patients clinical examination reveals 
unquestionable evidence of syphilis, but with the Wassermann reac- 
tion it IS possible to demonstrate syphilitic infection in over 90 per 
cent A large vanety of syphilitic lesions has been reported m 
patients with paroxysmal heraoglobinuna, notably aortitis, Hutchin- 
son teeth, saddle nose, bowing of the tibiae, interstitial keratitis, 
hepatitis, tabes, paresis The large percentage of congenital S 3 qihili- 
tics among the reported cases indicates that the congenitally infected 
individual is more liable to develop hemoglobinuria than those with 
the acquired disease Matsuo records the occurrence of the disease in 
a boy, his sister and two cousins, several authors have reported more 
than one case in the same family The disease appears to be rela- 
tively common m Japan 

The patient’s attention is usually first arrested by the passage of 
dark red or brownish, or almost black unne, and he seeks advice for 
“bloody unne ’’ He is apt to state that following an exposure to 
cold, which may have been surpnsingly slight, certain distinct symp- 
toms occurred before the onset of the paroxysm The interval be- 
tween chilling and the beginning of ^mptoms may be only a few 
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miiiutes or it may bo seven, or eight hours These prodromal symp- 
toms are apt to be aching pains in the back and legs or in the abdomen, 
abdominal cramps, headache and malaise. Usually the actual 
paroxysm begins with a severe shaking chill and a subsequent rise of 
temperature to 102° to 104°F, but cases are on record in which 
paroxysms occurred without either chill or fever The period of 
elevated temperature may be brief or may continue for several hours. 
In the typical attack the first urine passed following the chill is highly 
colored. It may be a dark Burgundy red or brownish chocolate 
color or almost black, depending upon the relative amounts of oxy- 
hemoglobin, methemoglobm and hematin present Many patients 
excrete grossly visible quantities of blood pigment only in the first or 
in the first two speamens passed after the chill, but cases have been 
reported in which the hemoglobinuria has continued for two or three 
days Namba has observed the excretion of rose-colored urine 
following spontaneous paroxysms or cold foot baths Chemical and 
spectroscopic exammation of such urine showed that it contained 
instead of hemoglobin, a pigment known as uroerythrin, presumably 
derived from hemoglobin The erythnn could be demonstrated only 
in patients whose serum contained the Donath-Landstemer hemolysm 
Following the more severe attacks of hemoglobinuria a little icteric 
staining of the sclerae and skin is perceptible for a few days During a 
paroxysm enlargement of the spleen is not uncommon Less fre- 
quently a transitory enlargement of the liver is also demonstrable 
These patients show a very wide range of variabihty in the amount 
of chiUmg necessary to bring on an attack Macalister found that 
40°F was the effective temperature in one patient The patient of 
Bristowe and Copeman would have an attack if exposed to 51°F 
The patient of Stronunger and Gottfried was susceptible to attacks 
from such shght chilhng as opening the door from an unheated room 
One patient observed by the writer had numerous spontaneous attacks 
while in bed in a well heated hospital ward, and was seen in an attack 
in the middle of July m New York City He was a typical example of 
the disease, a congenital syphilitic, aged 7, with Wassermann and 
Donath-Landsteiner reactions positive and Raynaud’s syndrome 
Kumagai and Namba have also seen a case with attacks during the 
summer Their patient had the highest titer of autohemolysin they 
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had observed Grafe has recorded a similar case Nearly all paroxys- 
mal hemoglobinuncs have attacks when the hands or feet are immersed 
in ice water for ten to twenty minutes, and this artifiaal production of 
attacks (Rosenbach test) is therefore useful in diagnosis The degree 
and duration of the chillmg necessary to produce an attack artifiaally 
are, like the chillmg required to bnng on spontaneous attacks, highly 
vanable Eating large amounts of ice failed to cause attacks m 
the patient of Luzzati and Sorgente even though this patient was 
extremely susceptible to paroxysms from chilhng of the external 
surface of the body The patient of Roch and Liengme did, however, 
hav e paroxysms after cold drinks Boas had found that inhalation of 
very cold air would not produce an attack Venous stasis by means of 
a tourniquet has been showm capable of inducing hemoglobmaemia m 
some of these patients The wnter has tned this unsuccessfully in 
three patients Exertion without chilling appears capable in some 
paroxysmal hemoglobinuncs of bringing on attacks (Prior, Connors, 
Kumagi and Namba) The significance of such cases from the view- 
point of the mechanism of the disease wnll be discussed later The 
case reported by Fleischer (1881) has been considered an early example 
of the production of a paroxysm by exerase rather than chilling This 
patient, however, was probably an example of ^f arschliamoglobinnrte 
and not paroxysmal hemoglobinuna There was no suggestion of 
syphilis (except the dubious evidence of inequahty of the pupils), 
marching brought on attacks, but exposure to low temperatures 
without walking or marching was without effect Since this was 
before the discovery of the Wassermann and the Donath-Landsteiner 
reactions, certainty is not possible but it seems highly probable that 
this was the same disease subsequently described by Forges and 
Strisower, and Schellong — a condition occurring mainly in soldiers, in 
which hemoglobmaemia and hemoglobinuria occur after marching or 
even standing in the lordotic position Other forms of exertion not 
involving a severely upright posture generally cause no hemoglobi- 
nuria In these patients there is no assoaation with syphilis, no 
auto hemolysin in the blood, and no hemolytic effect from chilling 
Whether or not emotional episodes may also incite to actuity the 
hemol>tic mechanism of paroxysmal hemoglobinuria is not entirely 
clear, but in one of the paUents observed by the writer, the 7->ear 
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old congenital syphilitic with otherwise typical manifestations of 
paroxysmal hemoglobinuria referred to above, anger and fear also 
appeared capable of bringing on attacks He was so highly sensitive, 
however, to even very slightly lowered temperatures that some doubt 
existed as to whether emotional disturbances alone could cause hemo- 
globinuria Roch and Liengme record an attack brought on in one 
patient by the intravenous injection of 5 centigrams of casein. 

Spectroscopic examination of the urine passed during paroxysms of 
this disease has shown that the color of the urine is due to oxyhemo- 
globin and methemoglobin with, sometimes, hematin also. Speci- 
mens examined immediately after they have been passed may show 
also a few intact red cells The “ghosts'^ of erythrocytes are com- 
monly found and may be so abundant as to settle out in a heavy 
sediment Albumin is regularly present Red blood cell casts have 
frequently been noted Eason found the urea mtrogen in the urme 
99 6 per cent of the total nitrogen durmg a paroxysm, and on the 
following day 86 4 per cent, the day before the attack it had been 
83 5 per cent of the total nitrogen 
A borhve, rudimentary, frustrated or larval attacks These descriptive 
terms have been used for various types of incomplete paroxysms 
The occurrence of hemoglobinuria without the constitutional manifes- 
tations of fully developed attacks — chill, fever, malaise, headache — 
has been descnbed by Lichtheim, Prior, Moro and Noda, and others 
The converse of this clinical picture has also been frequently noted — 
typical constitutional symptoms without hemoglobinuria (Luzzati 
and Sorgenti, Burger, Kumagai and Inoue, Bondy and Stnsower) 
Such attacks, even though no hemoglobin is detected in the urine, 
are usually characterized by a transitory albuminuria Kaznelson 
speaks of “paroxysmalen Kaltikterus” because he observed a patient 
with the usual constitutional symptoms followed by jaundice but 
no hemoglobinuria. An increase in the serum bilirubin was demon- 
strable Careful questioning of patients subject to fully developed 
attacks not infrequently reveals evidence of the spontaneous occur- 
rence also of attacks without gross hemoglobinuna, furthermore, in 
attempts to produce attacks artificially by immersion of the hands or 
feet in ice water the writer has observed the characteristic sudden 
drop and subsequent increase of the leucocyte count, chill, tempera- 
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ture elevation, and nse of blood pressure assoaated with hemo- 
globinaemia, but no hptnoglobmuna A transitory albuminuna 
regularly occurred, however, in these abortive paroxysms Bristowe 
and Copeman have used the terms “petit mal of hemoglobinuria” 
for these abortive episodes in paroxysmal hemoglobmuna Pnbram 
has descnbed a “frustrated attack” in which there was a chill and 
fever but neither hemoglobinaemia nor hemoglobmuna, it occurred 
at a time when he found the cholesterm content of the blood increased 
and the Donath-Landsteiner reaction negative, at another time when 
the blood cholestenn was low a fully developed attack occurred and 
the Donath-Landsteiner reaction was positive The inference was 
drawn that low blood cholestenn increased the susceptibility to 
paroxysms Burmeister, on the other hand, was unable to confirm 
the observation that the occurrence of attacks was related to the 
cholestenn or lecithin content of the serum or red blood cells It 
IS dear from the observations referred to that paroxysmal hemo- 
globinuria patients are subject to incomplete attacks of several types, 
either from ordinary exposure to low temperatures or as a result of 
mtentionally chilling a portion of the body surface In this connection 
the study by Feigl of hemoglobinaemia and hemoglobmuna m soldiers 
after an army pack march of 35 kilometers is of interest Of the 27 
soldiers on whom observations were made 15 showed by the spectro- 
scopic method hemoglobin or hematin, or both, in the serum, of the 
same 27 subjects 19 showed by chemical methods the presence of 
oxyhemoglobin, methemoglobin or hematin in the unne Erythro- 
cytes were found in the urine of 8 of the 27 soldiers 
Vasomoter phenomena Many authors have recorded the occur- 
rence of vasomotor disturbances of one sort or another in assoaation 
with paroxysms of hemoglobmuna One of Moss' cases, prior to the 
onset of attacks of hemoglobmuna, was subject to outbreaks of hives 
on the face and body after exposure to cold Kumagai and NamLa 
noted frequent vasomotor phenomena m the 14 cases studied by them 
These disturbances may occur m the interval between the chilling 
and the onset of the chill or they may occur durmg the actual paroxysm 
Raynaud’s sjuidrome is one of the commonest occurrences Fingers 
or toes, the tip of the nose, the lips or the ears may be blanched or 
become deeply cj anotic. Symptoms of this type occurred m 2 of the 
5 patients I have observed Urticarial wheals are not uncommon 
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Orel observed the disease in twins. Both children had small white 
vesicles on the face when exposed to the cold These disappeared 
when the children were put in a warm place. The marked changes in 
systolic and diastolic blood pressure which may occur before the 
beginning of the chiU (Meyer and Emmench) are presumably also 
dependent upon vasomotor disturbance It seems probable, for 
reasons to be advanced later, that the vasomotor system may be 
involved in the mechanism responsible for the hemolysis. 

SEROLOGICAL MECHANISM 

Before the studies of Donath and Landsteiner only the vaguest 
notions of the mechanism of paroxysmal hemoglobinuria existed 
That there was an intravascular hemolysis was generally accepted, 
but whether this was dependent upon abnormal fragility of the ■ 
erythrocytes, or upon the liberation under the influence of cold of a 
hemolytic ferment of endothelial ongin (Ehrlich), or upon the presence 
in the blood of a hemolysin was quite unknown The original paper 
of Donath and Landsteiner describes studies made on 3 cases Using 
oxalated blood from the finger they mixed 15 drops of plasma with 5 
drops of a heavy suspension of erythrocytes, placed the mixture m 
ice water for ^ hour and then in the incubator for 2 hours and found 
the supernatant plasma colored with hemoglobin Normal blood 
treated in the same way failed to show hemolysis, but the erythrocjdes 
from a normal individual mixed with the serum of a paroxysmal 
hemoglobinuria patient behaved in the same way as the erythrocytes 
from a patient, while normal serum and erythrocytes from a patient 
failed to show hemolysis The significant factor was thus shown to 
be in the patient’s serum Inactivation of the serum by heat prevented 
the occurrence of hemolysis, but the addition of fresh complement to a 
mixture of inactivated serum and erythrocytes resulted in hemolysis 
when the mixture was chilled and warmed The reaction was there- 
fore demonstrated to be an example of an antigen-amboceptor-com- 
plement mechanism with the surpnsing pecuharity that the ambo- 
ceptor unites with antigen only at a low temperature The two 
phases of the reaction were clearly shown by allowing the erythrocytes 
to absorb the lysin m the cold, removing the supernatant fluid, adding 
It to other erythroc 3 d;es, chilling and warming this mixture, and 
observing no hemolysis The two phases were in this way shown to be 
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(1) absorption of the lysin by the erythrocytes in the cold, (2) lysis of 
the sensitized erythrocytes at a higher temperature if complement is 
present Subsequent studies (Yorke and Macfie) have shown that 
chilling for 5 to 7 minutes results in greater hemolysis than chilling for 
30 minutes This feature of the Donath-Landsteiner phenomenon, 
like the union of lysin and erythrocytes only at a low temperature, is 
somewhat paradomcal It has been suggested that it is dependent 
upon degradation of the lysm after long eioposure to the low tempera- 
ture, rather than upon the distribution of complement mid-piece 
among more and more cells the longer chilling is continued, until a 
point IS reached at which the cells contain such a small amount of mid- 
piece that It IS ineffective when combination with end-piece takes 
place (Yorke and Macfie) Moro and Noda found that hemolysis 
occurs very promptly after the serum-erythrocyte-complement 
mixture is warmed, even after one minute at the incubator tempera- 
ture hemolysis has occurred That the union of the lysin and ery- 
throcytes does not always require the temperature of ice water has 
been shown m a number of instances In a case studied by Grafe 
union occurred at 20°C , this patient was subject to spontaneous 
attacks at relatively high temperatures and there was therefore a 
close parallelism between the conditions necessary for the tn intro and 
j« vivo reactions Moro and Noda observed evidence of union at 
17°C , and Donath and Landsteiner once found slight hemolysis after 
the lysin and erythrocytes had been exposed to about 20°C , in 2 
other cases studied by them union occurred at 10° and 15°C respec- 
tively With all mixture of serum and 1 per cent erythrocyte 
suspension Yorke and Macfie observed union at 10°C and possibly 
a little union at 15°C The highest temperatures at which union 
could be detected (using a S per cent erythrocyte suspension) in 
three patients studied by the wnter were respectively 10°, 12° and 
10°C With the lysins from these patients, however, temperatures 
down to 4° or S°C gave more complete union — as shown by greater 
hemolysis when the mixture was subsequently warmed These 
determinations of the highest temperatures at which union will take 
place between lysm and erythrocytes will vary somewhat according to 
the concentration of the erythrocyte suspension used Using fixed 
amounts of lysm and complement and varying concentrations of 
erythrocyte suspensions it will be observed that hemolysis may occur 
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TOth heavy suspensions when it is entirely absent in the tubes contain- 
ing light suspensions (Donath and Landsteiner, G M Mackenzie) 
That complement or alexin is an essential component of the mixture 
in the Donath-Landsteiner reactions has been verified by everyone 
who has carefully studied the blood of these patients. A mixture of 
inactivated serum and erythrocytes chilled and warmed yields no 
hemolysis, but inactivated serum + erythrocytes -f complement 
treated in the same way gives hemolysis if the lysin is present in the 
serum This experiment may, however, fail if inactivation is done at 
the usual temperature (56°C ). With serum from one of the wnter’s 
patients 45°C for 30 minutes destroyed the lysin so that addition of 
complement failed to reactivate it, with serum from another patient 
47 5°C for 30 minutes destroyed it With such extremely thermola- 
bile lysms one will fail to demonstrate the presence of lysin if the 
serum has been mactivated at 56°C for 30 minutes Furthermore, the 
thermolabihty of the lysin has been observed (Yorke and Macfie) 
to fluctuate from time to time A positive test is in many instances 
obtained simply by chilling and then warnung the patient’s whole 
blood, but owing to the low titer of complement frequently present 
in human blood, a negative test may be obtained by this procedure 
when a positive result would have been obtained if fresh guinea pig 
complement had been added Meyer and Emmerich have neverthe- 
less reported that even in the absence of complement from the pa- 
tient’s serum, spontaneous attacks may occur from exposure to cold 
Most of those who have studied the blood of these patients have 
concluded that complement does not participate m the first phase of 
the reaction, the phase of union of lysin with the erythrocy^tes Moss, 
on the contrary, reported observations which he interpreted as 
showing that the union of lysin and erythrocytes takes place only in 
the presence of complement Numerous observations on the absorp- 
tion in the cold of inactivated lysin by erythrocytes are opposed to 
this conclusion of Moss Using quantitative methods the writer has 
observed, however, that hemolysis is greater if complement is present 
throughout both phases of the reaction, then when it is added after the 
lysin-erythrocyte mixture has been wanned to 37°C But such 
results may well be due to the increase of complement activity which 
with some sera results from chilling (Cooke) Hoover and Stone, 
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Gilbert, Chabral and Benard, and Dennie and Robertson also have 
found that complement is necessary at the low temperature, holding 
that only at the low temperature does complement become fixed 
Widal, Abrarm and Bnssaud conclude from their studies that comple- 
ment may fix at the low temperature, but that it is not indispensable 
until the mixture is warmed The studies of Meyer and Emmerich, 
Kumagai and Namba, and Kumagai and Inoue have helped to explain 
the occasional failure to obtam a positive Donath-Landsteiner reaction 
in otherwise typical cases Usmg quantitative methods for deter- 
mining the lysin content of the serum of their patients they observed 
that with repeated attacks the complement m the patient’s serum 
disappears and the addition of fresh complement is then necessary 
m order to obtain a positive reaction (cf also Jedlicka, and Meyer and 
Emmench) If the attacks are still more frequent not only is there no 
demonstrable complement, but the serum becomes anti-comple- 
mentary To obtam a positive reaction with such a serum it is 
necessary to wash the sensitized erythrocytes with cold physiological 
salt solution, then add complement and warm the mixture Even 
though It IS not always essential that complement be present dunngthe 
first phase of the Donath-Landsteiner reaction, it is absorbed by the 
lysm-corpuscle complex if it is present during the chilling process 
Meyer and Emmench demonstrated that complement may be absent 
from the serum of paroxysmal hemoglobinuria patients following an 
attack, not only by the negative result of the Donath-Landsteiner 
reaction, but also by the failure of the patient’s serum taken at this 
time to activate a sheep blood-immune rabbit serum system which at 
other times it did activate They also made the interesting observa- 
tion that in the Ehrhch test complement is apparently formed locally 
It was present in the serum from a finger subjected to venous stasis 
and chilling, but not present m the scrum from another finger which 
had not been toumiqueted and chilled Cooke showed that dunng the 
i» vtiro chilling process both lysin and complement are removed from 
the serum Donath and Landsteiner had shown that no complement 
IS absorbed if lysin and complement are added to erythrocytes at body 
temperature 

Emile-Weil and Stieffel call attention to the fact that sometimes 
hemolysis results if one remov cs the supernatant scrum from a chilled 
mixture of l>sm containing serum and erythrocytes and then adds 
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sodium chloride instead of fresh complement Hemolysis after such a 
procedure is not surprising, however, in view of the evidence that 
complement as well as lysin may fix at the low temperature. 

The discrepancies reported by different workers on the nature and 
behavior of complement m paroxysmal hemoglobinuria are probably 
to be explained, first by the lack of uniformity in the characteristics 
(thermolabihty, temperature required for fixation, titer) of the lysin 
from different patients and by the complex nature of complement 
F errata found that complement can be split into mid-piece and end- 
piece, and Neufeld and Handel, and Sachs and Bolkowska, using the 
sheep blood-immune rabbit serum system, demonstrated that comple- 
ment, especially the mid-piece can fix at 0°C , sometimes also the end- 
piece Kumagai and Ito, in attempting to analyze the behavior of 
complement in paroxysmal hemoglobinuna, found that the mid-piece 
of this hemolytic system requires a low temperature for fixation, and 
that the end-piece does not They, as well as Coca and Cooke, 
found that the complement of paroxysmal hemoglobinuria is different 
from the complement of sheep blood-immune rabbit serum hemolysis. 
In one respect, however, the results of Kumagai and Ito are at variance 
with those of most other workers except Moss From their experi- 
ments they conclude that complement must be present during the first 
phase of the reaction, but beginning with Donath and Landsteiner 
(1908) many observations have been made on the occurrence of 
hemolysis when complement was added only after the inactivated 
serum-erythrocyte mixture had been chilled and warmed (cf also 
Gilbert, Chabrol and Benard) Kumagai and Ito also obtained 
evidence of the presence of the so-caUed third component of comple- 
ment in paroxysmal hemoglobmuria serum. 

The behavior of complement m the Donath-Landsteiner reaction 
appears therefore to be complement is essential for the completion of 
the hemolytic process, it need not be present at the low temperature, 
but causes greater hemolysis if it is present throughout the reaction, 
if it is present at the low temperature it (mid-piece) is absorbed by the 
lysin-erythrocyte complex, and also absorbed m most cases, if added 
after the lysin-erythrocyte complex has been warmed to 37°C. Some 
of the failures to obtain positive Donath-Landsteiner reactions in 
patients having otherwise typical manifestations of the disease have 
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been due to the absence of complement or to anticomplementary 
properties m the patients’ serum, conditions apt to occur after attacks 
The evidence for fluctuations m the titer of the autohemolysin is 
much less convinang The difficulhes of performing an accurate 
titration with a labile lysin are obvious, and most investigators of this 
disease have not used quantitative methods Those who have 
observed different amounts of hemolysis (Moro and Noda, Jamada, 
Matsuo) with the serum of the same patient taken at different times 
have not excluded the possibility of the vanations being due to 
fluctuations in the complement or to anti-complementary action 
Kumagai and Namba have found that if one takes the necessary pre- 
cautions to prevent weak complement activity or anb-complementary 
action of the serum interfering with the lysin titration, the titer of a 
patient’s lysin fluctuates very little There is, however, a trend 
downward in the titer under anti-luetic treatment The writer has 
observed one patient the titer of whose lysin declined for two years 
while receiving anti-syphilitic treatment, and then for two years, when 
he received only a small amount of treatment, it remained at the same 
titer. It finally disappeared shortly after treatment was resumed 
Kumagai and Namba have stated that the severity of the disease 
parallels the titer of the hemolysin, but this seems not to be an invan- 
able rule Titrations of the lysm of two bojs, both congenital 
syphilitics, showed an inverse relationship between titer of lysm and 
susceptibility to attacks fG M Mackenzie) 

In much of the earlier work no account was taken of the different 
blood groups' and hence some of the early observations on the isolysin 
of paroxysmal hcmoglobinuna are unreliable But all who have 
excluded the hemolytic effect of normal isolysms m serological studies 
of paroxysmal hemoglobinuna have confirmed the onginal observa- 
tions of Donath and Landstemer that the serum of these patients con- 
tains an isolysin which fixes m the cold Sometimes the isohemolytic 
activity IS stronger than the autohemolytic (Meyer and Emmerich) 
and sometimes the rexerse has been found The isohemolysin has 
been reported to occur without any demonstrable autohemolysm 
(Matsuo) and this would suggest that the two functions are repre- 
sented b> different components of tlie serum, but this work was 

•Witebslj’s three cases all wen: in Group A The wntcr s five cases were distributed 
asfollows Group 0,2 cases, Group A, 2 cases, GroupB,none, GroupAB lease 



174 


G M MACKENZIE 


done without reference to blood groups Absorption experiments, 
however, have failed to provide any evidence that the iso- and auto- 
hemolysins are different When one is absorbed the other disappears 
at the same time and to the same extent (Lorant, G M Mackenzie). 
The isolysin here referred to is not to be confused with the normal 
iso-hemolysin sometimes present in human serum for erythrocytes of 
different blood groups The isolysin discussed above is shown by the 
capacity of the serum of paroxysmal hemoglobinuria patients to 
hemolyse by the chilling test the blood cells of other individuals in the 
same blood group 

A titration of the lysin content of the supernatant serum from a 
chilled mixture of inactivated lysin and a heavy suspension of erythro- 
cytes compared with the lysin content of the supernatant serum 
of a similar mixture, which has been both chilled and incubated at 
37°C, shows that incubation after chilling causes a certain amount of 
dissociation of the lysin, the supernatant serum from the mixture 
which has been incubated after chilling has a higher titer of lysin than 
the supernatant serum from the mixture which has been chilled and 
centrifugalized cold (Meyer and Emmench ,Browning and Watson, 
Cooke) Cooke found that when 90 per cent of the lysin had been 
absorbed in the cold, 25 per cent was dissociated during 30 minutes at 
37°C From these observations on dissociation at 37°C it is obvious 
that the lysin-eiythrocyte union is a labile one The experiments of 
Yorke and Macfie showed that when complement is present at the low 
temperature the lysin is not “disgorged’' at 37°C , and also that no 
mid-piece is dissociated Since it is chiefly, if not exclusively mid- 
piece of complement which fixes at the low temperature, the evidence 
indicates that the lysin-erythrocyte-mid-piece combination is more 
stable than the lysin-erythrocyte complex 

An as yet unexplained discrepancy exists in the matter of a possible 
activating effect by CO 2 on the hemolytic mechanism of this disease. 
Prior to the expenment of Hijmans van den Bergh assumptions had 
been made (Chvostek, Mum) that CO 2 might play a r61e in the 
mechanism of the disease Mannaberg and Donath had indeed 
passed CO 2 through the blood of a paroxysmal hemoglobinuria 
patient and observed hemolysis, but attached no significance to it 
because they found hemolysis also when normal blood was treated in 
the same way. Hijmans van den Bergh found that defibrinated 
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paroxysmal hemoglobinuria blood exposed to CO 2 at room tempera- 
ture (16°C) behaved as though it had been dulled and warmed — 
1 e , there was hemolysis The same blood did not hemolyse when 
exposed to room temperature without COj nor when it was exposed to 
COj only at 37°C Normal erythrocytes mixed with paroxysmal 
hemoglobinuria serum and exposed to COj at 16° were hemolysed 
Addition of complement was found unnecessary Inactivated 
lysm-contaimng serum could not be reactivated for the COs hemolysis 
by the addition of fresh complement Normal blood did not hemolyse 
under the conditions of these CO. experiments These results have 
been confirmed by Hannema and Rytma It is not dear from these 
experiments, however, whether CO 2 acts simply as an activating 
factor for the Donath-Landsteiner mechamsm or whether it repre- 
sents a distinct and separate hemolytic mechamsm — the evidence 
points more to the latter assumption No experiment was done to 
determine whether the COj hemolysis would occur after removal by 
absorption of the Donath-Landsteiner lysin, the experiments were not 
done with quantitative methods nor is the concentration of COs 
repotted Kumagai and Ito studied this phenomenon and failed to 
confirm the findings of the Dutch investigators They performed the 
absorption expenment and found that COs hemolysis disappeared with 
the absorption of the Donath-Landsteiner lysin In their expenments 
the hemolysis occurred at 16° both in the air and in COs They found 
the COs hemolysis in 4 cases uncertain and irregular, and believe the 
supposed effect of COs is simply due to the Donath-Landsteiner 
mechanism which will sometimes act at 16°C The writer has also 
tried without success to confirm the observations of Hijmans van den 
Bergh This problem of COs hemolysis needs further investigation 
before definite conclusions can be drawn From both theoretical and 
practical viewpoints it is important to knpw if COs is the additional 
factor involved in the paroxysmal hemoglobinuria mechamsm Such 
a factor has been postulated repeatedly from evidence of several 
kinds The occasional patient, fulfilling the other critena of this 
disease, who has paroxysms of hemoglobinuria from exertion or during 
warm weather suggests that actual chilling is not always necessary 
So, too, observations which indicate that the degree of susceptibility 
to attacks docs not always run parallel with the titer of the hemolysin 
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make probable the participation of some factor in addition to the 
demonstrated components of the Donath-Landsteiner mechanism 
On clinical grounds the disturbances of the vasomotor apparatus have 
been suspected of playing a role, but whether these are dependent in 
any way upon CO2 is by no means clear from the evidence available. 
In appraising the validity or significance of investigations of the sero- 
logical mechanism of this disease it should be borne in mind that the 
properties of the lysin from different patients have been shown to 
manifest considerable variations- its thermolability is by no means the 
same in all patients, nor in the same patient at different times, nor is 
the highest temperature at which it will unite with erythrocytes a 
constant, nor its relative avidity as an auto- and iso-lysin, and perhaps 
the same is true of the necessity of complement being present during 
the first phase of the reaction ^ 

® The descnption of the mechanism of this disease as set forth in the preceding pages is 
almost universally accepted and has seemed to most of those who have studied the disease, 
to explam the known facts However, an alternative conception of the mechanism was 
offered by Widal and his collaborators soon after the onginal studies of Donath and 
Landsteiner were published On the basis of experiments m which it was found that the 
serum of a rabb.t immunised either with human serum or with the serum of a hemoglo- 
binunc would inhibit the Donath-Landsteiner reaction, the French investigators postu- 
lated a mechanism dependent upon deficiency of anti-sensibihsatnce (antilysm) m the 
blood of hemoglobinuncs Normal individuals, they said, have in their serum a sensi- 
bihsatrice (lysin) and an anti-sensibihsatnce (anti-lysm) in a state of stable eqmhbnum 
In the blood of the hemoglobinunc this eqmhbnum is labile. As a result of chilling there 
occurs a dissociation of lysm and anti-lysm with fixation of the dissociated lysin and com- 
plement by the erythrocytes, hemolysis occurs when this complex is warmed The onginal 
features of this conception consist of (a) the existence of the lysm m normal individuals, 
(h) the existence of an anti-lysm m normals and hemoglobinuncs Even if anti-human 
rabbit serum does mhibit the Donath-Landstciner reaction, this is scant evidence for the 
assumption of an anti-lysm. Such an immune serum as Widal employed would precipitate 
the serum protems of human serum, either hemoglobmunc or normal, and precipitation 
would be expected to carry down m the precipitate any lysm present and thus prevent 
union of lysm and erythrocyte To assume the existence of anti-Iysm therefore seems 
unwarranted 

Sal6n in a voluminous contnbution to the subject of paroxysmal hemoglobmuna has 
offered a conception of the mechanism of the disease differing from that set forth in this 
review and from that of Widal His theory is that, as a result of chillmg, a part of the 
dispersed colloid constituents of the'plasma, probably the globuhn, undergoes a change m 
Its physical state, that as a result of this physical change the plasma acquires the power of 
so altering the er^rocytes that they behave hke sensitized cells, that if lytic properties 
are present in the plasma the sensitized cells, or a certain portion of them, are hemolysc 
Much of Salon’s paper is taken up with vague discussions of various aspects of the disease 
from the pomt of view of his theory, and seems to the wnter unsuitable for cnUcal review. 
For the details of this conception the ongmal should be consulted 
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P4TH0GENESIS 
Relalton to syphths 

Early observers of the disease, as has been stated, suspected that 
syphilis was the chief, if not the sole etiological factor in paro^smal 
hemoglobinuna (Murn) The frequency of the disease in congenitally 
syphilitic children and lesions of acquired syphilis m many of the 
adult patients pointed dearly in this direction The more exact 
criteria for the diagnosis of syphilis afforded by the Wassermann 
reaction confirmed the earlier dinical conclusions, and it was soon 
evident (Meyer and Emmerich, Matsuo, Kumagai and Ito, Browmng 
and Watson) that in over 90 per cent of patients with paroxysmal 
hemoglobinuria the Wassermann reaction is positive, a figure’ not far 
from that obtained in patients known to have syphilis A review of 
the literature between 1906 and 1925 (Donath and Landsteiner) showed 
that of 99 cases reported there was evidence of svphilis in 95 Of these 

there was a positive Wassermann reaction in 81 and a history or 
dinical evidence of syphilis in 24 All of the 5 cases studied by the 
writer showed positive Wassermann reactions, in two of them the 
Wassermann titer was exceptionally high, but there was no distinct 
parallelism in the titers of the auto-hemolysm and the Wassermann 
reacting substance In their early studies of the disease Donath and 
Landsteiner examined the blood of 93 patients with general paralysis 
for the presence of the charactenstic auto-hemolysin Only one of 
these patients had symptoms of paroxysmal hemoglobinuria The 
hemolysin was demonstrable in 7 mdividuals of this group In two 
of them a positive Ehrlich test was obtamed In one patient general 
paralysis and paroxysmal hemoglobinuria coexisted Confirmation 
of these results has come from Kumagai and Namba who studied 35 
patients with late syphilis and found the auto-hcmolysin present in 7 
The Ehrhch test was positive in all 7 In one of these patients a cold 
foot bath produced a typical attack of hemoglobinuria, m 3 others only 
albuminuna occurred after immersion of the feet in cold water The 
evidence seems, therefore, to justify the conclusions (1) that paroxys- 
mal hemoglobinuria is usually and perhaps alwavs a manifestation of 
sj^phihs and (2) that a small percentage of patients with late syphilis 
have the latent form of paroxysmal hemoglobinuria In this connec- 
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tion, however, Burmeister’s results and conclusions should be men- 
tioned In 207 cases m the hterature he found indications of syphilis 
in only 79; in 43 it was ruled out, in 1 it was uncertain, and in the 
remamder there was no information as to the presence or absence of 
S37phihs Nevertheless, he found that the Wassermann reaction was 
positive in 95 per cent of the cases m which it was reported He also 
described experiments m which he absorbed the auto-hemolysin in 
the cold by means of erythrocytes and found that not only the lysin 
but also the Wassermann reacting substance had disappeared This 
result is quite contrary to the jfindings of Moro and Noda, R P 
Smith, Yamada, Matsuo and Kaznelspn The writer has repeatedly 
performed this experiment and without exception has found that the 
Wassermann reacting substance not only does not disappear, but shows 
no significant change m titer as a result of removal of the lysin 
Burmeister also found that when he dissociated the lysin from sensi- 
tized erythrocytes that the fluid so obtained gave a positive Wasser- 
mann reaction He condudes that m some cases paroxysmal hemo- 
globmuria occurs without syphilis— even though the Wassermann 
reaction is positive — and in other cases that there is a relationship 
between the two diseases In this latter group he believes that the 
auto-hemolysin and the Wassermann reagin are the same. Bur- 
meister’s experimental results and his conclusions in regard to the 
relation of S3q)hilis to paroxysmal hemoglobinuria are so different 
from those of other workers that confirmatory experiments are 
needed to justify acceptance of his ideas. 

A number of those (Meyer and Emmerich, Moss, Rosm, Foix and 
Salin, Salen) who have studied paroxysmal hemoglobinuria have 
considered the question of why during the course of a syphilitic 
infection the infected individual should develop an antibody for his 
own erythrocytes Presumably the lysin is formed as a result of im- 
munological processes, but it can hardly be due simply to auto-immun- 
ization to antigens of erythrocytes destroyed within the body, for no 
such lysin develops in other conditions in which blood destruction 
occurs — for example, malana, black water fever (Barratt and Yorke), 
hemolytic icterus, internal hemorrhage, and after the therapeutic 
procedure of subcutaneous injections of an mdividuaPs own bloody It 
is necessary to postulate some other mechanism or some additional 
factor. 
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Perhaps a clue to tlie mode of ongm of the auto-hemolysm is pro- 
vided by the experiments of Namba He found that when rabbits, 
either syphilitic or non-syphilitic, are injected intrapentoneally witli 
organ emulsions such as guinea pig kidney, or liver, heart, kidney, 
brain, spleen or lung of dog, horse, calf, hog or rabbit, an auto-hemoly- 
sin IS developed which requires complement and unites with the 
erythrocytes only in the cold Kidney emulsions were found most 
efiectwe in the production of these anto-hemolysins in rahhits That 
he was not dealing with the Forssman antigen may be inferred from 
the fact, which he points out, that calf kidney contains no Forssman 
antigen but produces the auto-hemolysm In rabbits prepared with 
such emulsions he produced hemoglobinaemia by putting an elastic 
band around an ear and immersing it in ice water The reported pro- 
duction of a positive Wassermann reaction by injection of rabbits with 
organ emulsions is interesting in relation to the observations of Namba 
The facts therefore point to the conclusion that syphilitic infection 
involves the liberation of antigens either from the spirochaetes them- 
selves or from the organs of the host or from both, nhich determine 
the production by the infected individual of antibodies of more than 
one type— 1 e , the auto-hemolysm and the Wassermann reagin 
Since the evidence indicates that these substances are not identical 
one must assume that antigens of more than one kind are released by 
visceral syphilis, and that the lysm is produced m response to the 
liberation of antigens of visceral or spirochaetal ongm rather than of 
erythrocyte ongm Why some syphilitics develop the auto-hemolysm 
and others do not is quite obscure 

Relation of the auto-hemolysm to the occurrence of attacks 

Several considerations have led to the belief that the Donath- 
Landsteiner reaction is a reproduction in vitro of what actually occurs 
m the vascular system of a patient when he has an attack of hemo- 
globmuna The in vitro and the in vivo reactions are both dependent 
on chilling, m harmony nith the demonstration that the in vitro 
reaction is more complete with short chilling is the obvious fact that 
erythrocytes m superfiaal capillaries can be exposed to a low tem- 
perature only for a short time before passing to the higher tempera- 
tures of the interior of the body, union of the lysm and erythrocytes 
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may occur at temperatures as high as 16° to 20°C and it seems quite 
possible that blood in superficial capillaries might be exposed to such 
temperatures, furthermore the heavy suspension of erythrocytes 
existing in whole blood is more favorable for the occurrence of he- 
molysis than lighter suspensions On the other hand a number of con- 

siderations have led some investigators to postulate an additional 
factor in the hemolytic mechanism of this disease, even though they 
admit that the essential and specific factor of the mechanism is the 
lysin The lysin has been repeatedly demonstrated in the serum of 
syphihtics free from manifestations of paroxysmal hemoglobinuria, 
some patients have t 3 q)ical attacks without chilling, there appears to 
be no strict parallelism between the susceptibility of the patient to 
attacks and the titer of his lysm It has been stated that in certain 
patients attacks may occur with no demonstrable lysin in the serum, 
but the studies of Kumagai and Namba on the disappearance of 
complement and the occurrence of anticomplementary properties in 
the patient's blood following attacks make it highly probable that 
failure to demonstrate the lysin in otherwise typical cases is due to 
inadequate technique Donath and Landsteiner (1925) reported that 
of 103 cases collected from the literature the lysin was demonstrated in 
95 , in the 8 other cases the reaction was reported to be negative They 
are inclined to think that in testing the blood of the negative cases the 
more recently discovered technical requirements were not fully 
comphed with, or that failure to obtain a positive result was due to the 
fact that the test was not repeated They believe that lysin may 
fluctuate or even temporarily disappear This has not been the 
experience of the writer Except for a downward trend during anti- 
luetic treatment, the titers of the lysms of 5 cases remained remarkably 
constant for periods of 2 to 6 years, the rapidity of the fall m titer was 
roughly proportional to the intensity of the treatment Kumagai and 
Namba condude from their work, already referred to, that the seventy 
of the disease is determined by the titer of the lysin and that the 
apparent discrepancies to this general rule are due either to failure to 
provide complement or to anticomplementary properties m the 
patient’s serum The observations of Hijmans van den Bergh on 
the supposed partiapation of CO 2 in the hemolytic mechanism have 
already been discussed In view of the failure of Kumagai and Ito 
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and Mackenzie to confirm the results of Hijmans van den Bergh, 
acceptance of CO 2 as the additional factor in the hemolytic mechanism 
should, for the present at least, be conditional 

PATHOLOGICAL PHYSIOLOGY 

Pigment Metabolism 

An illuminating study of pigment metabolism in paroxysmal hemo- 
globinuna was made by Jones Following a typical attack he found 
that the liberated hemoglobin is rapidly converted into bilirubin 
No response was observed in the excretion of bile pigments until all 
of the hemoglobin and most of the bilirubin had disappeared from the 
plasma Subsequently the liver responded to the excess of pigment 
m the circulation by a marked increase in the output of bilirubm, an 
excess shown by a quantity in the circulation three times the normal 
concentration The accompanying nse in the urobilin and urobilino- 
gen in the bile occurred so dose to the peak of the bilirubin curve that 
the possibility of intestinal formation of the urobilin and urobilinogen 
was precluded One may condude from this work that under the 
conditions of the observations urobilin is formed m the liver from 
bilirubin which is formed from hemoglobin Jones and Jones also 
demonstrated in a paroxysmal hemoglobinuna patient the extra- 
hepatic formation of bilirubin, they showed that it was present in 
the blood penpheral to a ligature alter the ligatured arm had been 
immersed in cold water 

The experiments of Sellards and Minot indicate that during a 
paroxysm of hemoglobinuna it is not the liberated hemoglobin which 
is responsible for the dull, rise of temperature and other symptoms 
assoaated with an attack They mjected intramuscularly or intra- 
venously the hemoglobin obtained by taking amounts of blood 
varying from 4 to 33 cc No toxic symptoms were observed This 
would suggest that the stroma of the erythrocytes may be responsible 
for some of the symptoms Penfold and Robertson, however, pro- 
duced intravascular hemoljsis in healthy rabbits by injections of 
distilled w ater ■without causing fever, even though the hemoglobinuna 
was marked 
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Hematology 

Nearly all patients with paroxysmal hemoglobinuria have either a 
moderate or severe anemia during the period of the year when attacks 
occur The severity of the anemia obviously is dependent upon the 
frequency and severity of the attacks It has been estimated that the 
renal threshold for hemoglobin excretion is not overstepped unless at 
least 60 cc of blood has been hemolyzed (Ponfick), but there are very 
few observations on this pomt Intravascular hemolysis of small 
quantities of blood results only in some form of larval attack The 
amount of blood which may be hemolysed during a severe paro^sm 
must, judging from the changes in red blood cell counts and hemo- 
globin percentage, be very large Kobler and Obermeyer observed a 
patient whose red blood cells fell 690,000 per cubic milhmeter during an 
attack, more striking still are the figures reported by Montagnam 
Before and after an artificially produced attack he obtamed the 
following counts: 



BEFORE ATTACK 

AITEE ATTACK 

Red blood cells 

3,800,000 

1,800,000 

White blood cells 

8,750 

10,800 

Neutrophiles 

62 6 

68 

Eosmophiles 

2 

2 5 

Basopbiles 

0 5 

1 

Large mononuclears 

9 

8 5 

Intermediate 

12 

9 

Lymphocytes 

11 

11 

Hemoglobin 

48 

* ‘ 

28 


Donath and Landsteiner (1925) record a case in which a paroxysm 
reduced the erythrocytes from 4,300,000 to 3,200,000 and the hemo- 
globin from 85 to 55 per cent Luzzatti and Sorgente found in one 
patient during the summer 5,000,000 red blood cells and 80 per cent 
hemoglobin, m winter, after repeated attacks, 2,700,000 red blood 
cells and 35 per cent hemoglobm 

Mannaberg and Donath and others record extremely rapid regenera- 
tion in the red cell count and hemoglobin percentage following a 
paroxysm In one instance the red blood cells were 895,000 and the 
hemoglobin 45 per cent The first day after the attack the figures 
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were, red blood cells 1,500,000, hemoglobin 45 per cent, the second 
day, red blood cells 3,500,000, two weeks later, red blood cells, 
4,390,000 and hemoglobm 60 per cent After a paroxysm amsocytosis 
and poikilocytosis are often present, and basophilic stippling, poly- 
chromatophilia, nucleated red cells and myelocytes have been observed 
(Donath, Grafe and Muller, Meyer and Emmench, Weinberg) 
Between paroxysms the total leucocyte count and the differential may 
show no significant deviations from the normal or, as Meyer and 
Emmerich have observed, a moderate lymphocytosis » Marked and 
mtercsting changes in the leucocyte count occur durmg a paroxysm 
Widal, Abrami and Bnssaud observed the sudden decrease of leuco- 
cytes which occurs soon after the chilling This with the accompany- 
ing phenomena (increased coagulation time, increased viscosity, fall in 
blood pressure) they called the hemodastic cnsis and have observed it 
in a vanety of conditions In an artifiaally produced attack Mon- 
tagnani found a fall in systolic blood pressure (115 mm Hg to 95), a 
marked leucopema (9,800 to 1,000), a decrease m the number of plate- 
lets (160,000 to 35,000), increased viscosity, increase of coagulation 
tune and a decrease m the index of refraction Hoglund has reported 
an increase of platelets from 397,000 to 526,000 IJ hours after chillmg 
The writer has studied the changes in the leucocyte picture of three 
patients during artificially induced attacks In them the leucopema 
was observed to occur as early as IS minutes after the beginning of the 
chilling With the leucopema there was a transitory relative lympho- 
cytosis, and sometimes following this a leucocytosis with a higher 
percentage of neutrophiles than was present before the paroxysm 
The most exhaustive study of the blood changes dunng artifiaal 
attacks has been made by Uchida Making leucocyte counts at 
short intervals he found that there was often a slight initial leuco- 
cytosis due to the direct action of the chilling, and that prior to the 
marked leucocyte drop hemoglobin is always demonstrable in the 
serum Within 2 hours of the onset of hemoglobinaemia there is a 
leucocytosis and relative lymphopenia He obtained similar blood 
changes in rabbits after injection of blood derivatives His conclu- 
sion, therefore, that the blood changes in patients dunng artifiaally 

» Lymphocytosis was present in four of the Osc paUents observ cd by the wnter 
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induced, paroxysms are due to derivatives of iiemolyzed erythrocytes, 
appears to be weU founded Extending the earher observations of 
Meyer and Emmerich and those of Gall, Uchida also studied the 
phagocytosis of erythrocytes by leucocytes m paroxysmal hemo- 
globinuria He found in the blood of these patients a substance 
promoting phagocytosis of the patient's own erythrocytes by his 
leucocytes, the large mononuclears and the transitionals were most 
phagocytic, the neutrophiles and the eosmophiles less so This 
substance he calls the “auto-hamotropin " It does not act on cells of 
normal individuals nor on those of other paroxysmal hemoglobinurics 
Inactivation of the serum weakens but does not destroy this substance 
He also finds an “iso-hamotropin” which is distinct from the “auto- 
hamotropin," but observed no differences in the ‘hso-hamotropm” 
content of normal and paroxysmal hemoglobmuria serums 

THERAPY 

The course of this disease without antisyphilitic treatment has been 
only very meagerly reported in the literature Browning and Watson 
reported the case of a boy of 16 who ceased to have attacks and had no 
recurrence during the two years he was under observation The lysm, 
however, was demonstrable m his serum as long as he was observed 
Latent cases with the characteristic hemolysm m the serum have been 
observed to change into fully developed cases, but whether the reverse 
process also occurs is uncertain It is clear from the histones of 
recorded cases that untreated they may contmue to have attacks for 
many years S Mackenzie observed a patient who had had attacks 
for 23 years with no apparent impairment of health In most in- 
stances, however, the patient has come under observation and has 
either been treated or reported in the literature a few months to a few 
years after the onset Numerous forms of therapy have been tried. 
Sufficient evidence has now accumulated to render all methods except 
intensive anti-syphihtic therapy of mterest only from the viewpoint of 
medical history 

Widal and Rostaine immunized animals with large doses of human 
serum The serum from these immunized animals was used, after 
inactivation at 55°C , to treat paroxysmal hemoglobinuria patients. 
They reported a transitory increase of resistance to chillmg without 
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any effect upon the Donath-Landsteiner reaction Before treatment 
immersion of the hands in water at IS'C for 15 minutes caused hemo- 
globinuna After two serum treatments, each of 25 cc , immersion 
of the hands m water at 10°C for 50 mmutes caused neither symp- 
toms nor hemoglobmuna They thought that the resistance per- 
sisted for about 4 weeks The well known spontaneous fluctuations in 
susceptibility to chiUing of these patients renders the mterpretation of 
Widal and Rostaine of their observations somewhat doubtful 
Montagnani tried this method of treatment and found that hemo- 
globinuria was even more intense after the treatment, and that the 
phenomena of the hemodasUc cnsis still occurred after dulhng He 
then put the patient on anti-luetic treatment — the hemodastic cnsis 
no longer occurred, the Ehrlich, Wassermann and Donath-Landsteiner 
reactions became negative The patient subsequently, however, had 
a spontaneous attack 

Grafe and Muller, after a single injection of an antihemolytic 
immune serum, reported a sequence of events similar to that observed 
by Widal and co-workers, but they were inclined to attnbute the 
apparent effect to spontaneous fluctuations in susceptibility to cold 
Widal, Abrami and Bnssaud tried autoserotherapy on 3 patients 
They gave 9 to 15 intravenous injections of about 40 cc of auto- 
serum They interpreted their results as indicating a transitory 
protection against attacks One of their patients was free from 
attacks for ayear On the basis of observations by Gruber indicating a 
decrease of complement following injections of normal serum, Glaessner 
and Pick treated paroxj'smal hemoglobmuna by injecting at intervals 
of about a vieek, 8 to 10 cc of normal horse serum After the second 
injection they observed an increased tolerance for cold which persisted 
several weeks, then disappeared, and reappeared after another injec- 
tion These authors also found that the lysin remained in the blood 
during the period of apparent increase of tolerance for chilling, and 
conclude that the effect of the scrum injections was not due solely to 
fixation of complement 

Bondy and Stnsower thought that hyqiertomc salt solution afforded 
some protection against attacks, but Kaznclson was unable to confirm 
this Saldn has used graded cold water foot baths, but others hav’c 
had only indefinite results by this method In their senes of fourteen 
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patients Kumagai and Namba tried various methods of treatment — 
cholesterin, calcium; sodium chloride, peptone, normal human serum, 
normal horse serum and autoserotherapy None of these influenced 
the occurrence of attacks Then aU the patients were given anti- 
syphilitic treatment Of the fourteen patients, two" were lost to 
observation, one died, one was still under treatment at the time of 
writing, and the other ten were clinically cured Salen’s statement 
that the disease has not been cured by anti-syphilitic treatment is, 
therefore, no longer valid 

Although numerous authors (Murri, Ehrhch, Gotze, Donath and 
Landsteiuer, and others) had previously reported favorable results 
with anti-syphilitic treatment, the extensive studies of Kumagai 
and Namba afforded the most convincing evidence of the effective- 
ness of thorough and prolonged administration of mercury, iodides and 
arsphenamine Meyer and Emmench, to be sure, found anti-syphi- 
htic treatment ineffective, and the results of Matsuo, Salen, Moss, 
Traub, Young and others have been somewhat equivocal, but in 
general where anti-syphilitic treatment has failed it has not been 
carried out with sufficient intensity or for a sufficiently long penod 
The writer’s results on three cases fully corroborate those of Kumagai 
and Namba In these three cases it was found that climcal mamfes- 
tations ceased, the Wassermann reaction became negative and the 
auto-hemolysm disappeared from the serum m the order named 
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UNDULANT FEVER 


Its Relation to New Problems in Bacteriology and 
Public Health' 

THEOBALD SMITH 

IHrettor, the Department 0 / Ammal Pathology^ The Rockefeller Institute for Medical Research^ 
Princeton, NeJ) Jersey 

It IS somewhat hazardous to deliver a formal lecture on a subject in 
which we are just beginning to realize the importance of accurate data 
and in which a fair number of questions can be asked and problems 
formulated, but no definite conclusions drawn As m nearly all some- 
what unexpected developments in saence, the new problem of undu- 
lant fever in populations not using goat’s milk seemed at first sunple 
The cow was regarded as the source of the infection owing to the wide 
dissemmation of the bovine disease The problem has grown more 
obscure and complex with the publication of fresh cases and the more 
thorough study of the organisms obtainable from them Hasty con- 
clusions m this as in other fields of public health may do no damage as 
long as the problem remains m the stage of discussion The results are 
more serious when hasty legislation results or new rulings under 
existing law are promptly invoked Moreover such action may tend 
to discourage or stifle further necessary research In order that the 
lecture maintain a certain unity I shall view the subject solely from the 
standpoint of one who is endeavonng to find out from existing data 
ivhether or not the bovine type of Bacillus abortus produces undulant 
fever in man, primarily, and not as a secondary invader or graft on 
some preexisting pathological state This formulation of the subject 
IS still suffiaently comprehensive to bnng to the surface what is most 
significant 

There are three known, widely diffused animal sources of the 

* De Lamar lecture deloered October 30, 1928, before the Johns HopLms University 
School of Hygiene 
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Brucella group, the cow, the pig, and the goat In some European 
countries sheep are hosts A few horses have been found infected and 
other host species may be discovered I assume that the goat and 
sheep races of B uiehtensis are the same and that those found m the 
horse are accidental and aberrant parasites Hence a brief description 
of the three major races may well precede a discussion of the human 
strains ^ 

The bovine disease and its affihated microbe. Bacillus abortus, may 
be regarded as highly specialized, established types Both have 
rather unique characters In the cow the infectious agent is restricted 
primarily to the pregnant uterus, more particularly to the fetal mem- 
branes (chonon), and secondarily to the udder ducts There is no 
clinical disturbance manifested by the pregnant cow and the infected 
udder presents no signs of mastitis The special charactenstic of the 
chorionic disease is the invasion of the epithehum by the bac i l l us and 
its multiphcation therein '^ In this situation the organism is entitled 
to be called a Rickettsia From the chorion the invasion of the epi- 
thelial covering passes to the cotyledons and here there develops a 
gradual blocking of the vascular viUi The fetus suffers not from any 
localized disease due to B abortus but from a gradual interference with 
its circulation in contact with the maternal vessels Death of the 
fetus is associated with extensive subcutaneous edema, with serous 
effusions tinged with blood colormg matter into the large serous 
cavities — conditions referable to a more or less acute interference with 
the circulation B abortus may be absent or restncted to the digestive 
tract of the fetus, or it may very rarely appear m cultures from the 
viscera. In the cow’s udder the bacteria, escapmg into it from the 
circulation, are probably retained m the residual milk from day to day 
and multiply in it The calves which drink this milk or which were 
bom at full term in spite of a late uterme infection with B abortus fail 

* As might be antiapated in a rapidly developing subject, the nomenclature is in a more 
or less fluid state The Malta fever orgamsm first descnbed by Bruce in 1889 and sub- 
sequently traced to goats was at first named Mrcrococcus mdUensts The bovme organism 
first isolated by B Bang in 1897 was called Bacillus aborlus The brmgmg together of 
these organisms by Ahce Evans m 1918 gave impulse to a new termmology The genus, 
mcludmg pig, goat, and cow strams, became Brucella m honor of Bruce, and later another 
genus designated Alcahgenes has been suggested 

’ Smith, T , J Exp Med , 1919, xxix, 451 
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to contract any disease probably because there is no pregnant uterus 
Very rarely, however, the mucoid fluid of the ducts of the undeveloped 
udder may harbor B abortus Such animals will grow up with the 
udder permanently infected They may also thereby become im- 
mune to the utenne disease and remain as earners m the herd 
In 1911, M Fabyan and the wnter< called attention to a pecuhar 
disease induced m guinea pigs by pathological matenal contammg 
B abortus as well as by pure cultures of the same Before this no 
small animal had been recognized as susceptible to this agent The 
study of B abortus was greatly assisted by this new fact, for passage 
through guinea pigs made it possible, as in tuberculosis, to obtam pure 
cultures when other methods failed Since then various speaes of 
monkeys have been used by K F Meyer and others in attempts to 
differentiate the bovme from other races of this species Inoculation 
of fetal membranes, contents of fetal stomachs and rectum into guinea 
pigs, or of pure cultures leads to a disease which is non-fatal and self- 
limited The infection may be by way of the subcutis or the pentoneal 
cavity, the dose may be large or small, the condition of the annual, say 
at the end of eight weeks, is about the same There is no local lesion 
or if some swelhng occurs it disappears and the subcutis is normal 
where the matenal was deposited The regional and other subcu- 
taneous nodes may be swollen to twice their size or but little Ne- 
crotic foci are absent unless other bactena were introduced m patho- 
logical material The only other changes are a large, highly con- 
gested spleen with dimensions one and one-half to three times the 
onginal, with or withoutnumerous minute gray foa, and an infiltration 
followed by suppuration of the epididymis of one or both testicles 
The body of the testicle is not visibly mvolved Rarely swelling of the 
carpal joints is present Although B abortus may be obtained from 
most organs if sufBaently large pieces are cultured, with tlic excep- 
tion of the abscessed epididymis, the spleen contains the larger num- 
ber The bacilh slowly multiply m the guinea pig up to the fourth 
week and then dechne At the same time the gross lesions become 
more pronounced While tlie prolonged disease gives rise to more 
conspicuous lesions, the shorter penod yields a larger crop of colonics 

* Smith, T , and rabimn, M , Centr BaU , 1st Abt , Oitg ,1912, In, 549 



196 


THEOBALD SMITH 


The lesions produced are of interest. So far as I have been able to 
study tissues of inoculated guinea pigs no invasion and multiplication 
within epithelial cells has been observed This unique locus seems 
to be limited to the bovine chorionic membrane The lesions wher- 
ever found consist of a diffuse multiplication of local reticulo-endo- 
thelial cells or of an infiltration of mobile cells or both combined A 
section of a lymph node showing no abnormality excepting a slightly 
larger size brings out this diffuse general replacement of the normal 
lymphocytes by the larger monocytic type of cell. This change goes on 
in lymph nodes, spleen, and the interstitial tissue of the epididymis In 
the hver minute depressions indicate the prompt arrest of a process 
probably due to emboli from the large spleen The sometimes enor- 


TABLE 1 

Cows with moderately high agglutinin titer 


UDDER QUARTERS 

CULTURES OBTJ 
GUINEA 

No 696 

iUfED TBPOUGS 
PIGS (+) 

No 1486 

Right fore 



Left fore 

— 


Right hind 

• + 

+ 

Left hind 

+ 

— * 


* Another organism simnlatmg B abortus obtamed 


mous size of the latter organ is due to interference with the circulation 
through the formation of epithelioid foci I have gone into this phase 
of the subject somewhat m detail because, m view of the probable fail- 
ure of other methods, we may be compelled to depend upon the induced 
disease in guinea pigs, and perhaps m other smaU animals still to be 
discovered, for gmdance in differentiating the races of this species 
We have no reason to assume that B abortus is shed in any large 
numbers from the mfected udder As an illustration I quote the re- 
sults of two recent tests for the presence of B abortus Eight guinea 
pigs received into the abdomen either cream or mixed cream and sedi- 
ment or whole milk in 5 cc amounts The result is shown in table 1 
It will be noted that milk from the fore quarters failed to infect 
guinea pigs Milk from both bind quarters of one cow and only the 
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nght hmd of the other produced the typical lesions m gumea pigs from 
which B abortus was isolated In the guinea pigs from one of these 
cows killed five weeks after the mjection, a minute baallus mor- 
phologically like B abortus was isolated from the spleen of three 
ammals Evidently this organism onginated m the udder and was 
able to maintain itself in the guinea pig for a long period A hasty 
microscopic examination of the cultures might lead one to assume the 
presence of B abortus The organism actively ferments vanous sugars 
and IS thereby readily differentiated from B abortus Following 
inoculation of the bacillus in pure culture into gumea pigs it was not 
recovered a second time 

The number of cows, aborting or presen tmg ahigh agglutinin titer of 
the blood serum, which shed B abortus in the milk has been found 
quite vanable Some writers have reported between 80 and 90 per 
cent, others down to 34 per cent An important aspect of the pubhc 
health problem lies embedded here, for it might be claimed that in 
view of the general immunity of workers with infected material from 
fetuses and of vetennanans handling adherent diseased fetal mem- 
branes so frequently m their practice, the placental strain is harmless 
to man whereas the prolonged multiphcation in the udder might cause 
a change favorable to invasion of the human subject In the udder 
ducts we have also to deal with assoaation of B abortus with a variety 
of other bacteria, such as streptococci, staphylococci, B pyogenes and 
others, and some modification due to such contacts nught take place 
Changes beanng on cultural and pathogenic characters have not been 
noted however 

In recent years vacanes have been used quite extensively both 
here and abroad These consist of hving cultures, either virulent or 
attenuated under cultivation Such vaccinal strains may enter the 
udder and contmue to multiply m the ducts and acini for we have 
isolated them from the milk of vacanated animals We may also 
enquire whether the lowered virulence of the cultures may not favor 
infection of man 

The porane vanety of B abortus has been under observation since 
1914 when J Traum first isolated it from swine Since then it has 
been encountered in vanous states of the Middle West and the Paafic 
Coast Reports of tests on gumea pigs from vanous sources have 
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been more or less in agreement. It bas been more virulent, that is, 
the lesions have been more conspicuous, subject to softening and ab- 
scess formation, and rather widely distributed in the lymph nodes as 
well as in spleen, testicles, and limbs ® The writer received from the 
late Dr E C. Schroeder of the United States Bureau of Animal Indus- 
try a number of swine strains which he himself had studied on guinea 
pigs and found more virulent than the bovme strain Although these 
cultures were somewhat old their behavior in guinea pigs could be dis- 
tinguished by the larger foci with tendency to softening in lymph 
nodes and a greater involvement of the liver with such foci In 1927 
the writer was able to isolate a strain during the prevalence of porcine 
abortion in a herd in New Jersey The still unpublished data may be 
briefly summarized The organism was readily recovered from the 
■vdscera of the fetuses, even from the heart’s blood It multiplied 
readily in unsealed tubes of agar Its effect on guinea pigs was the 
same as that produced by bovine strains plus larger foci in liver and 
lymph nodes The strain was less virulent than those porcine strains 
already studied but more so tlian bovine strams 

Of the three animal races of B abortus I assume that the bovme and 
the caprine races have been adapted to their respective hosts through 
long senes of passages The porcine race may be a more recent adap- 
tation from the bovine originating in the Middle West where the op- 
portunity for the mingling of cattle and swine on a large scale is given. 
This supposition is supported by the fact that it has not thus far been 
encountered in Denmark or in Germany where ammal diseases are 
very closely watched The stram isolated by me may be a more 
recent adaptation from the bovine than the earher western strains 
The gradual adaptation and modification in swine may be associated 
with an increasing invasiveness towards man and virulence for the 
guinea pig 

The caprine race of B abortus has been much less thoroughly 
studied m some of its phases than the bovine disease, although longer 
xmder observation We know nothing definite concerning its be- 
havior in the gmnea pig, nor of its relation to disease or abortion in 
the goat beyond casual statements Its frequent presence m the 

' For a review of the literature, see J Evp Med , 1926, xlm, 215 
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goat’s udder was determmed early together with many other data by 
an English Commission working m Malta but facts beanng on differ- 
ential characters were not gathered, because at that time nothing was 
known of Its relation to the bovme disease and for the time being the 
baallus, then called micrococcus, stood out unique in the known 
microbic world The occurrence of Malta fever in this country 
traced to goat’s milk has been recorded by vanous wnters during the 
present century The foci of the human disease are some of the 
southwestern states, more particularly Arizona, New Mexico, Texas 
and Mississippi Goats carrymg the infectious agent ■were imported 
from Mexico into the United States for many years In this published 
material we miss the data necessary for a comparative study of the 
capnne and the bovme strains 

The writer has examined one capnne stram isolated in 1921 and 
received from the Pasteur Institute in Tunis This stram was en- 
turely innocuous to gmnea pigs and not even recoverable from the 
spleen This absence of virulence may be ascribed to prolonged 
artificial cultivation A second culture was isc'ated m 1924 by Ten- 
Broeck in China from a man hvmg on goat’s milk A recent prelmu- 
naty test on guinea pigs shows this four year old strain to possess 
pathogemc capaaties very like those of the bovine race Bona fide 
capnne races should, however, be isolated directly from goats if they 
are to be used in any comparative study 

Among the factors to be used for distmguishing between the races of 
B abortus, are morphological, cultural or ph> siological, pathogenic, 
and serological Concerning morphological distinctions little can be 
stated The organism is very small and slight differences in size not 
readily detected It is significant, how ever, that the capnne race was 
onginally regarded as a rmcrococcus and is still so denormnated by 
recent wnters Whether a difference in form actually exists here 
among the races should be more carefully investigated 

The most impressive physiological distinction among the animal 
races is the relation to COj The use of COj in cultures of vanous 
bacteria to stunulate grow th began m 1918, but Huddleson' appears 
to have been the first to use it with the bovine racem 1921, interpreting 

• Huddleson, I V , Cornell Veter , 1921, xt, 210 
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the favoring action as an adjustment of the pH of the medium The 
refusal of B abortus to multiply m ordmary cotton-plugged culture 
tubes was noticed by B. Bang m 1897. He used deep serum-agar 
cultures Later Nowack found that a culture of B suUilis placed 
with the medium inoculated with B. abortus in a closed receptacle 
would start and promote multiplication. This was at first regarded as 
an indication that a reduced oxygen tension was necessary Hence 
in 1911, Fabyan and the writer sealed the culture tubes with sealmg 
wax and obtained growth This method is not quite so universally 
successful as the use of CO 2 Owing to the wide variation in the 
amount of this gas which favors growth as well as a fairly wide pH 
zone of the medium within which B. abortus multiplies, the simple 
explanation of an adjustment of pH by CO 4 is not tenable Freshly 
isolated bovine races have been encountered now and then without 
the CO 2 requirements, but the use of saprophytized strains as vac- 
cines may explain such occurrences. After prolonged artificial culti- 
vation for at least six months, it may be possible to obtain a feeble 
growth in the usual way. After variable periods of months and years 
all strains multiply without seal or CO 2 In this stage, sealing actually 
interferes with the most vigorous growth Concerning freshly iso- 
lated caprine strains no statements are at hand The inference to be 
made is that the goat strain is cultured from the start without the 
devices mentioned All reports on the isolation of porcine strains 
from swine agree that CO 2 sealing is unnecessary from the start. 

Coming to serological procedures, we may state in general that 
there is no distinction to be made among these races or among the 
strains from undulant fever by means of direct and cross agglutination. 
Oh the basis of absorption tests Miss Evans has formulated several 
groups To be demonstrative the agglutinin absorption procedure 
must be carried out in many combinations Miss Orcutt^ working 
under my directions was unable, for instance, to note any 
differences between two human strains and two bovine strains, al- 
though, as will be shown farther on, the pathogenic activities of the 
human strains departed widely from those of the bovme Further 
tests are under way in which certain irregularities have been observed 

’’ Smith, T , J Exp Med , 1926, xlm, 207, and Orcutt, M L , ibid , 225 
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which may explain some of the serological results on record These 
pertain chiefly to spontaneous clumpmg of old strains 

The pathogenic properties of the bovine and porane strains have 
been bnefly referred to above It was stated that porane strains 
produce more marked lesions in guinea pigs which tend to suppurate 
The greater virulence of strams from swine has been observed bv 
earlier workers Of the capnne races we have no defimte information 
which can be used comparatively m evaluating relative virulence 
In general it may be said that cultures shoud be tested as fresh as 
possible, perhaps within a year of the date of isolation The com- 
parison of old strams with those freshly isolated may lead to false 
issues, since a strain highly virulent at the start may appear like a 
freshly isolated strain of low virulence after prolonged artificial 
cultivation 

Coming now to the subject of undulant fever in man we have a 
considerable background of studies on the human disease as pro- 
duced by the ingestion of goat’s milk Since 1913 various pubhca- 
tions have appeared dealmg with the goat disease in man in Arizona, 
New Mexico, Mississippi, and Texas So far as I know no thorough 
mvestigation of this disease and the assoaated organism in goats 
has been made very recently In view of the potentialities of this 
group of bacteria this is highly desirable It was not until 1922 that a 
case of undulant fever m man outside this endemic area was brought 
to light in the Johns Hopkins Hospital and described by Keefer ® 
This was the starting pomt for a number of discoveries of similar 
character Probably more than a hundred cases arismg within the 
United States are now on record A large number of human cases 
have recently been uncovered by the agglutinm test in Denmark 
Scattering reports are coming from Germany It is not my purpose 
to go into any analysis of this material Drawn into it by what ap- 
peared too hasty conclusions concermng the relation of the bovine 
race to the prevailing disease, I have been content to point out gaps 
and discrepancies in the evidence presented and emphasize the need of 
further study both of the cases clinically and of the assoaated organ- 
isms Giving to the numbers now engaged in this field w e may expect 

• Kccfcr, C S , Bull Johns Hopkins IIosp , 1924, xxxv, 6 
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in du6 time 3, more precise 3,lloc3.tioii of the human cases to the respec- 
tive animal races of B abortus The inferences drawn in many of the 
publications on the sources of undulant fever in man are based on the 
identity of agglutinins m the strains from animal and human sources 
Although this identification of agglutinins with the strains giving rise 
to them has been a basic assumption in serology, it is subject to limi- 
tations like all cultural and pathogenic likenesses and must be applied 
with discretion There is no doubt that the agglutinins appearing as a 
result of infection with bovine, porcine, and human strains fail as a rule 
to discriminate among the latter The direct and cross agglutinations 
agree closely The absorption process has also been found to show no 
differences in the few strains to which we have applied it However, 
certam groupings have been created by Miss Evans on the basis of 
absorption differences which allocate certam human cases to the 
bovine type 

About 23 strains of human origin have passed through my hands. 
They have come from various observers who, knowing my interest 
in the animal strains, kindly sent them to me for comparative study 
Of these, 18 were isolated from patients m the United States The 
remainder came from other countries Some of the American strains 
have undoubtedly been studied by others It would be going beyond 
the limits of a single lecture to speak in detail of these strains I shall 
give only a brief review of our own studies 

There were no CO 2 inhibitions m any of the Amencan cultures 
when they were received. Some cultures were perhaps too old to 
manifest this peculiarity Some were not In view of the fact that 
the swine types have not shown this growth requirement from the 
start this point is significant 

The pathogenic activities as developed m gumea pigs showed much 
variation None of the strains were old enough to have lost such 
activities in any large degree A rough grouping only can be attempted 
as follows* 

a No effect whatever on guinea pigs and no recovery of the injected 
bacilli from the entire spleen Three strains 

h. The usual more or less vanable enlargement (congestion) of the 
spleen, shght enlargement of lymph nodes, atrophy of testicles Here we 
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must remain somewhat m doubt whether attenuation had taken place 
One stram 

c The usual lesions accompanied by small necrotic foci in spleen and 
lymph nodes Four strams 

d The usual lesions accompanied by relatively large or numerous small 
necrotic-suppurative foci Ten strains 

The entirely negative outcome of moculation into gumea pigs with 
infected tissues or cultures even m high dilutions has not occurred m 
hundreds of bovme cases in my expenence Even when the lesions, 
such as spleen swelling, are slight, the organism' is recoverable from the 
spleen two to three months after inoculation Strains three to four 
years under cultivation still respond to these tests The nature, 
therefore, of the three strains with entirely negative pathogenic 
characters is left in obscurity The strain under (6) may or may not 
be a bovme strain The groups (c) and (<f) I should regard as either 
not bovine or as bovme modified by passage through swine or perhaps 
other speaes They differ markedly among themselves Two of 
these were studied rather carefully m dose assoaation with two 
bovme strams and the results have been pubhshed ’ The lesions 
were strikmgly different from those due to bovme strains The lymph 
nodes were relatively very large and completely softened Necrotic- 
suppurative foa occurred in the spleen In fact, the gross appearances 
of the gumea pig lesions were such as to give me the impression that I 
had a wholly different disease entity to deal with Both patients had 
been m contact with swine matenal 

One group of five cultures commg from the same locality and from 
cases occurring at short intervals are of special mterest in so far as the 
gumea pig lesions all presented certain pecuharities Besides the focal 
lesions m spleen, lymph nodes, and testicles, the thymus lobes were 
either permeated with small abscesses or else these had fused and 
produced a single large abscess about 1 cm m diameter Although 
presumably the result of drinking raw milk those cases arc explainable 
as not truly bovine 

Another stram from a midwestem state presented lesions, which, 
encountered a generation ago, I should have regarded as due to the 
glanders baallus In fact such diagnoses may have been actually 
made m the past owing to the negative cultural characters of both 
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species of bacteria. The guinea pigs became emaciated and one 
died in two months The other at this time was much emaciated and 
was killed In both the testicles were converted into large abscesses 
The fore and hind feet were swollen and covered with small ulcers 
Of the many hundreds of gumea pigs which we have inoculated with 
bovine material or cultures none have died 
Five human strains from European sources came into my hands, 
one from the Institut Pasteur at Turns, one from Dr Duncan of the 
London School of Tropical Medicine, which had been isolated from a 
patient infected in Rhodesia, and three from Dr. Kristiansen of 


TABLE 2 


Slratits from ittidulani fever {Denmark) 


CalTVRZ METHOD 


a Cotton plug + some 
parafin 

b Sealed with sealing wax 
c In 10 percent CO 2 


DAYS or INCOTATION AT 37°C 

No 18 

No 19 

No 20 

Growth in 3 days 

No growth in 

No growth m 


12 days* 

12 days* 

Growth in 4 days 

No growth m 

Growth in 12 


12 days* 

days 

Growth in 3 days 

Growth in 3 days 

Growth m 3 days 


* Developed m CO 2 atmosphere after 12 da>'s 


Denmark The two first mentioned strains were about two years old 
In both the lesions approximated closely to the bovine standard 
The three strains from Denmark are of special interest. Although 
probably one and a half years old, two of these still showed a marked 
demand for CO 5 while the third grew equally well in the ordinary 
cotton-plugged tube, as is indicated in table 2 
After twelve days’ incubation, the three still sterile tubes were 
placed in an atmosphere of 10 per cent CO 2 The originally sealed 
tube developed a film of growth in three days, the others after six or 
seven days in CO 2 Probably some bacteria had survived in the con- 
densation water of these latter partly dry tubes The table further- 
more makes it clear that while CO 2 umversally favors growth the 
method does not make as sharp distmctions as the seahng In fact. 
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no distinction could have been made between the partially sapro- 
phytized (No 18) and the other strains if COs had been exclusively 
used In general a distinction between the lesions produced by two 
of the Damsh cultures subject to COs requirements could not be 
differentiated from those of the bovine type The third strain, 
however, produced no lesions in guinea pigs and could not be recovered 
from the spleen It may have been a highly saprophytized, perhaps 
vacanal, strain of B aborltis 

These illustrations must suffice to point out the want of uniformity 
in the pathogenic capacities of the strains derived from human patients 
and emphasize the need for more work in locating the sources The 
inferences to be drawn from the labors of bactenologists up to the 
present may be briefly presented 

1 Bovine strains or strams not distinguishable from them have 
been cultured from human patients in a small per cent of the cases 
studied 

2 The caprine strains isolated directly from goat’s milk need more 
detailed study before we can use this type in comparative studies or 
allocate them to human cases of undulant fever m man m territones 
ostensibly free from milk goats or the fresh products of goat’s milk 

3 The cultures isolated from man and presumably ingested in 
con’s milk but not fitting the bovine type, may have been swine 
strains introduced into that receptive organ, the cow’s udder, just as 
hemolytic and scarlatinal strcptococa may gam a foothold in it under 
certain imknown conditions and cause locahzed epidemics in man 
This view is supported by the rather remarkable dnft of the infecting 
orgamsm of five human strains from one locality into the thymus of 
inoculated guinea pigs The characters of strams from such local 
groups of cases should be more thoroughly studied since it may be 
possible to locate the infecting cow and isolate the orgamsm directly 
from the milk 

4 The partly saprophytized cultures which have been used on a 
large scale in vacanatmg cows against infectious abortion may be 
another possible source of bovine strams It is conceivable that 
artifiaal cultivation m a certain stage may prepare an organism other- 
wise incapable of multiplication in a new host It is also possible 
that some porane strain may have been distnbutcd as a vacane in 
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COWS. The third saprophytic, non-virulent Danish strain described 
may be a vaccinal strain Some slight change may have in some 
way favored the infection of human beings in laboratories with 
glanders during the wide prevalence of this disease in horses towards 
the close of the nineteenth century, for these cases seemed to be out of 
proportion to the number of people who became infected while tending 
glandered horses 

The two sites of B abortus in the cow are the fetal membranes and 
udder ducts and acmi The question will naturally be asked if the 
sojourn of B abortus in the udder modifies the uterme type and per- 
haps makes it more invasive for man This problem already referred 
to has been kept m mind durmg our work with this race No modi- 
fication of virulence or CO 2 requirements has been noticed except in a 
few instances readily referable to a vaccinal strain used at certain 
periods Further careful studies are desirable, however, but only in 
herds not subject to vaccmation with living cultures 

5 The swme type of B abortus may have been developed in the 
mid-western states m recent years, for here the enormous development 
of the swme industry, the feeding of by-products of the dairy, as well 
as association between the two species m feed lots, have given Nature 
numerous opportumties to form new varieties The relationship is 
further emphasized by the serological classification of bovme and 
porcme races together by Miss Evans The var 3 ang virulence of the 
porcine races may be due to vaneties not yet fiilly adjusted to the new 
host Another reason for proposing this genetic, source of the porcine 
type is the reported absence of this t3q3e frondjEuropean countries, 
where the live-stock conditions mentioned are '^|^jzed only to a very 
slight degree It may be stated in passing tha? V? great increase m 
swine tuberculosis in the Middle West m the recent past was defimtely 
traced to the intimate association of cattle and swine 

6 The further internal differentiation of the non-bovine types found 
in man suggests other possible forms of aberrant parasitism of a more 
or less permanent character developing locally m rats, mice, wild 
rabbits, ground squirrels, and the like, some of which speaesmaybe 
more receptive to the porcine than to the original bovine races 

7 The gradual development of the milch-goat industry in northern 
states needs supervision as a possible source of human disease 
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In the further unraveling of the sources and significance of this 
new disease, declared by Etienne Burnet to be the disease of the future, 
the chniaan can be of great service m obtaining as accurately and 
fuUy as possible a history of the patient’s environment and habits 
with reference to foods and contact with domestic animals From 
the chmcal standpomt it is furthermore desirable to obtain cultures 
of the hypothetical organism, which has been done m only a small 
per cent of cases, and to standardize serological methods It is also 
highly important to determine if possible how far undulant fever is a 
pnmary disease and how far merely grafted on other favonng path- 
ological states A detailed search of hospital records durmg the past 
thirty years may perhaps assist m explaining why undulant fever 
has not been recognized untd recently 
I have purposely refrained thus far from bringing m so-called 
epidemiological data It should however be mentioned that the 
bovine disease has been widespread in the Umted States and that 
until recently very few if any dairy herds were free from it I have 
evidence of its existence from laboratory tests on guinea pigs as far 
back as 1893 The ingestion of the bovine type by man must have 
been nearly universal since this early date How can ne explain 
the scarcity of the human affection even today when attention has 
been thoroughly focused on it and when it is being diagnosed and 
perhaps overdiagnosed? How can we explain the freedom from 
disease of laboratory workers and tenders of dairy cattle, of vetenna- 
nans handhng diseased tissues and cultures without more than the 
usual precaution of cleanliness? How can we explain the freedom 
from disease of groups of adults and children dnnkmg raw milk from 
herds m which nearly every first pregnancy terminated in abortion?* 
The explanation nearest at hand is that the bovme t3Tie is so shghtly 
invasive for man that it fails to produce appreciable disturbances but 
that as a by-effect it may immunize tovvards the more virulent types 
of s%vme and caprine origin The evidence brought together pomts 
first to the stability of the bovme race of B aborliis as isolated directly 
from bovines, and second to a number of divergent pathogenic char- 

’ In 1916 Cooledge reported an experiment on 7 human beings each of whom \olun- 
tanly drank daily IJ pints of milk from infected cows over a period of 8 weeks No 
fcbnle stales were observed (J Med Research, 1916, unv, 459) 
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acters isolated from undulant fever patients, only a few of which have 
distinctive bovine attributes 

Knowing so little of the life of microorganisms outside the narrow 
confines of the laboratory we are at a loss to explain the situation 
except by hypotheses which might serve as a formulation of problems 
to be attacked rather than as a final explanation of the precise sources 
of undulant fever The recent history of this disease stresses again the 
significance of animal hfe in the development and maintenance of in- 
fectious agents capable of starting disease in man It is of interest to 
note that nearly all human diseases traceable to animals are septic in 
type, with a definite invasion of the blood, and some of them highly 
fatal May it not be possible that the highly virulent pandemics 
of the human race, coming as they do from regions where man lives in 
close association with animals and hunts them for food, are due to 
organisms reinvigorated by passages through animal species We 
know so little of the flora and protozoan fauna of domestic and free- 
livmg species that a study in this field may be revolutionary in its 
results. 

In the bovine disease we have touched upon today there is some 
evidence that, say within a generation, a decline in virulence has 
taken place. The first case in guinea pigs seen by me in 1893 and some 
cases in 1911 presented lesions which indicated a much greater m- 
vasiveness than any seen in recent years In these earlier cases the 
lesions extended to the kidneys and the bones The kidneys were in 
an advanced stage of interstitial sclerosis and appeared like two large 
white tumors The bones of the limbs and the ribs were the seat of 
destructive changes It should be remembered that bovme B 
abortus may pass from animal to animal as often as the fetal mem- 
branes are formed^ — about once a year. In other words, the passages 
are more frequent than the hfe span of the cow There has been, 
without doubt, an increasing resistance developed in bovines going 
parallel with a certain decline in virulence of B dborttis Whether 
any rise in invasiveness towards man has been associated with this 
decline may be worth consideration A general decline m virulence of 
organisms parasitizing the same host speaes may be considered as 

Smith, T , Bull N Y Acad Med , 1928, iv, Ser 2, 476 
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deducible from available evidence To reactivate this virulence some 
other host may be needed, or more likely Nature from time to time 
may tap the original source of virulent matenal in certam animal 
hosts In the numerous attempts for mcreasing virulence or modi- 
fying essential functions of pathogenic bacteria by passages through 
animals m the laboratory a few rather artifiaal methods are used, 
whereas in nature a great many different combinations may occur, 
some one of which may open the path to new physiological races 
In this way there may have been formed a number of races of the 
Brucella group for some of which the immediate animal sources are 
sPll to be discovered 

As to active measures against undulant fever, if it should be made 
fairly clear that the bovine race of B abortus is the real source of the 
other races then the time would be ripe for an active campaign against 
it The same should be true for goats if the parent race was har 
bored by this host species 




THE FUNDAMENTAL FACTORS OF IMMUNITY* 
FREDERICK P GAY 

It may be rash to attempt to compress into a penod of an hour an 
exposition of what seem to be the essential and fundamental factors 
concerned m the mechanism by which the animal body protects itself 
against infectious disease, but I know of no method to clanfy one’s 
own ideas andpossibly to aid others in visuahzmg so comphcated a sub- 
ject except by a procedure of this sort, even if the result be open to 
the critiasm of an unjustifiable simphcity 

The saence of immunology dates from the early work of Metchnikoff 
on phagocytosis which began m 1882 We have seen, then, in a period 
extending for nearly fifty years the building up of a group of thorough 
ly substantiated, as well as a larger group of less fully substantiated, 
facts and theories which, in their multiplicity and frequent apparent 
contradiction, often obscure the real picture that has been defined 
There IS real danger that we may fail to see the woods for the trees 

metchnikoit’s phagocytic theory of immunity 

Metchnikoff was the first to replace the somewhat vague idea of 
Koch, Pasteur, Chauveau, Naegeh, Grawitz and Buchner as to the 
mechanism by which animals resist infection by a well formulated 
theory based on years of increasingly convinang scientific proof which 
was not only the first complete explanation, but remains practically 
unaltered and now fully accepted There can be no question but that 
the poljnnoiphonuclear leucocytes of the blood stream are able to 
oppose successfully and to destroy invading bacteria of moderate viru- 
lence, and thereby to account in considerable measure for the condition 
of natural resistance Metchnikoff, moreover, suggested, but ive be- 
lieve did not suffiaently emphasize, the importance of certain mono- 
nuclear cells or macrophages in such chronic bacterial diseases as 

»DeLamar Lecture delivered before the Johns IIopLms School of H>gicnc and 
Public Health, Nov 13, 1928 
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tuberculosis and leprosy and in the^rotozoon infections It is cer- 
tainly to the polymorphonuclear leucocytes of the circulating blood 
that MetchnikoU attributes, and we believe justifiably, the first hne 
of defense, if we except those external defenses such as the intact skin 
and mucosa. 


THE HUMORAL ASPECTS OF IMMUNITY 

The importance of Metchmkofif’s conception seemed temporarily 
diminished, but eventually became enhanced and complemented by the 
increasing recognition of the defensive powers of the fluid elements of 
the blood which we may date arbitrarily as beginning with the work of 
Von Behring and Kitasato in 1890 and of Buchner in 1891 Not only 
does the blood plasma and serum of normal animals have the property 
of destro)dng numerous bacteria, but these properties are markedly 
increased by a recoveiy from many infectious diseases, and they 
become further exaggerated in those conditions of hyper-immunization 
produced by repeated injections of bacteria and bactenal products 
We have come to recognize and to utilize in diagnosis and therapy 
these increased, or often apparently newly invoked, physiological 
properties, inherent in blood fluids to which the name of “antibodies” 
is usually given This term is probably a misnomer in that we are 
dealing with functions rather than structures Certainly, we are not 
dealing with structures in the moiphological sense as might be gathered 
from the diagrams of Ehrlich, and we are not deahng with new chemical 
structures or rearrangements in any sense that we have learned to 
recognize At all events, it is through their altered or increased func- 
tions that antibodies act antagonistically to bacteria and other 
foreign cells If we retain the convenient term, antibody, we find that 
we have learned to know what seem at first glance a senes of different 
antibodies— antitoxins, lysins, tropins, agglutimns, precipitins, and 
perhaps anaphylactic antibodies These antibodies have been com- 
monly separated on the basis of their mode of action which requires, in 
each separate group, a diflerent set of environmental conditions 
depending on the physico-chemical state of the antigenic substance 
that has given rise to them, and the factors concerned and essential 
for the observed phenomena Thus it is found that lysins, at least, 
require an adjuvant factor for ultimate efiBciency, and it may be that 
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tropins are at least facilitated in their activity by the same factor, 
whereas the other antibodies produce their results without this partic- 
ular aid, although they require the presence of an electrolyte It has 
been the natural tendency of individual discoverers, working as they 
inevitably do, underasetofconditionswhichaloneproducethephenom- 
enon for which they are responsible, to assign an individuality to 
the phenomenon they descnbe In the course of time, it has become 
evident that what were ongmaEy regarded as separate and distinct 
antibodies may, m reality, be a single antagonistic function, modified 
by the conditions in which it operates Thus, for example, it was at 
one time assumed that Wnght’s opsonins, both natural and immune, 
differed from the tropins of Neufeldt and Rimpau, based largely on an 
incomplete analysis by Wright of the apparent thermolabihty of his 
normal opsonin Later it was shown by Cowie and Chapin that 
the apparent disappearance of the normal opsonin by heating to 
S6°C was, m reahty, simply the destruction of the normal alexin 
which left a relatively weak but thermostable antibody This 
weak antibody m normal serum is increased by immunization 
until It becomes suffiaent m itself to produce a change m bac- 
teria so that they are more readily phagocyted without the presence 
of alexin, but there is evidence to believe that the alexin increases 
the attractiveness of treated bacteria even in the case of immune serum 
and the combined action of alexin plus thermostable body is necessary 
to produce the opsonic effect By simplifications of this sort, the 
analysis of antibodies has proceeded to the point where many of us are 
prepared to regard them as essentially identical Zinsser has given 
us very persuasive evidence of this undoubted trend, and I should be 
willing to go even further than he does and include in the unification, 
antitoxins as well as the substances acting more directly on bacterial 
bodies There has been from the very beginning little dispute as to 
the essential identity of agglutinins and preapitins Agglutmins affect 
bacteria and other cells in such a way that in the presence of an elec- 
trolyte they flocculate Precipitms m similar fashion flocculate bac- 
terial extracts and other protein molecules in solution Both phenom- 
ena when studied in different concentrations of the reacting sub- 
stance present alternate zones of inhibition, due to stabilizing colloids, 
and of flocculation In a similar way it is not difficult to consider 
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tropins and lysins as essentially identical. Both unite with bacteria, 
with red blood cells or other formed elements, so that the latter either 
become more attractive for leucoc3d;es (tropins), or are rendered more 
readily destroyed by the alexin which is a normal constituent of plasma 
and serum I have given an indication that the tropins, although 
they function even after moderate heating, act better when alexin is 
present There is evidence in both the phenomena of lysis and tropini- 
zation to show that a diminution of the second factor, alexin, may be 
compensated for within certain limits by increasing the thermostable 
factor, sensitizer, or tropin, and it is likewise true that a diminution of 
the sensitizer may be compensated for by increasing the alexin 
It is perhaps more difficult to accept antitoxins as identical with the 
other antibodies we have just mentioned Its function is to neutralize, 
or better to form a neutral complex with an antigenic derivative of 
bacterial metabolism, so that this toxin must be a substance essentially 
analogous to the precipitinogen The recently established parallelism 
between flocculation of toxins and antitoxins (Ramon) and the neu- 
tralization of the toxin itself may be evidence of the identity of the two 
substances In a similar way, the anaphylactic antibodies are either 
parallel to or identical with precipitins Of course, the mam conten- 
tion of the separateness of the various antibodies has lain in a lack of 
parallelism between the demonstrable occurrences of reactions charac- 
teristic of these antibodies in a course of immunization That is, 
agglutination may appear before sensitizing or tropinizing effects are 
evident, but here certainly the great dilutions that suffice in demon- 
strating agglutimns and the relatively greater concentration required 
to demonstratelyticphenomenamightexplamtheirapparent successive 
appearance As Zmsser has pointed out, the Unitarian theory of anti- 
bodies does not exclude the production of a series of antagonistic sub- 
stances, each active against a constituent protein in complex cells such 
as typhoid bacilli, nor the production of separate precipitin antibodies 
against each of the separate protein fractions in a complex mixture 
like blood serum But what is meant is that a single antigen in a pure 
state produces only one vanety of antibody, and that antibody may be 
demonstrable in the form of the several different reactions, such as 
agglutination, precipitation, and sensitization, dependingintum on the 
structure of the antigen and the environmental conditions under which 
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the observations are made In order to produce thecompletephenom- 
ena, alexin may be required as in lysis, and possibly in the action of 
tropins or sunply an electrolyte as in the case of agglutination, al- 
though even here the fact that heating does diminish the agglutinin 
titer may show that alexin facihtates the reaction, and again although 
alexin may not be needed in the precipitin reaction, preapitates cer- 
tainly fix it 

It seems more profitable in attempting to visuahze the humoral 
aspect of immunity to emphasize the similarities in the so-called anti- 
bodies rather than their differences These points of similanty are 
briefly as follows Antibodies are produced only by proteins in a cer- 
tain colloidal condition, or perhaps by proteins to which lipoids or 
carbohydrates are attached Secondly, antibodies are characterized 
by a specific union with the antigenic substances, which union takes 
place in vanable proportions in accordance with the mode of combina- 
tion employed Thirdly, the complex of antigen and antibody tends 
to dissociate, as may be evidenced not only by the effect of beat, acid, 
or dilution on mixtures of toxins and antitoxins, but by the active 
immunizing power— that is to say, dissociation in the animal body, of 
neutral mixtures of toxins and antitoxins, and also of sensitized vaccines 
And finally the antigen antibody complex is endowed with new prop- 
erties of attraction for alexin or for leucocytes 

In addition to the so-called anhbodies, the humoral protective forces 
of the body include certain other factors Most prominent among 
these IS alexin or complement which is not increased as a result of 
immunization In addition, there is the so-called “cytase” of Metchni- 
koff which may be extracted from mononuclear and polymorpho- 
nuclear leucocytes, and which apparently differs from alexin in that it 
IS thermostabile This substance would seem to account for the de- 
struction of bacteria in phagocytes but it may be questioned how repre- 
sentative an extract of artificially disintegrated leucocytes is of what 
takes place in the living cells Ihere are probably other substances 
that contribute to protection such as the anthraadnl substances in 
the serum of certain animals, and the conglutimn of boxnne scrum, 
both of which arclikemsc thermostabile 

The antibody properties in acquired immunitj are indicative of a 
reaction that has taken place to a foreign protein They are certainly 
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not exact measures of the protection itself, and we should be inchned 
to think that under natural conditions of recovery from disease they 
are operative only as accessory factors, rather than as primary factors 
of the increased protection afforded Protection may exist without 
marked antibody content, and considerable antibody content may be 
present without protection We are inchned to refer the essential 
protection to some change in the body cells. It should not be over- 
looked that antibodies have been studied particularly as they occur 
under conditions of hyperimmunization which do not represent 
immunity, however durable, as acquired by recovery, but an artifiaal 
intensification of it produced by inoculation of enormous amounts of 
antigenic substances That does not mean that the property so 
produced by hyperimmumzation may not be very valuable in produc- 
ing passive immunity by injecting the serum of hyperimmunized ani- 
mals It would seem most likely that the failure of the maj'ority of 
anti-bacterial serums to act therapeutically is due not to their lack of 
antibody content but to failure in qualitative or quantitative prepara- 
tion on the part of the cells of the recipient We think of antibodies 
then simply as reflecting a more fundamental and essential process that 
has gone on somewhere in the body cells, this cellular reaction being, 
we believe, the essential basis of immunity as we shall now proceed to 
elaborate. 


THE OUTSTANDING PROBLEMS OP IMMUNITY 

It has long been evident that there are conditions of protection 
through recovery that cannot be explained on the basis of Metchm- 
koff’s phagocytes, or the persistence of antibodies. Take for example, 
the recovery from typhoid fever followed by a most durable and 
emphatic protection, but not evidenced except in carriers, by a con- 
tinued presence of antibodies m the serum The polymorphonuclear 
leucocytes are certainly not increased in number nor, so far as we 
know, in quality, and yet the individual is protected Mother 
instance is smallpox immunity, produced either through vaccination, 
which means the recovery from a modified form of the disease, or by 
recovery from smallpox itself Although viruscidal antibodies can 
be produced by hyperimmumzation and may occur during the course o 
the disease, there is no evidence that they are present throughout the 
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course of the durable immunity It has been customary to explain 
these very staking instances of protection as due to tissue immunity 
It IS, we believe, m defining more preasely what we mean by this term 
“tissue immunity” that the next wave of progress in immunology will 
come 

It would seem to us that the three major questions in the study of 
immunity today, an elucidation of which would mean the most signif- 
icant progress are first, the nature of specificity, secondly, the locus 
of origin of antibodies in the immunized animal, and thirdly, the 
mechanism of local or tissue immunity 

The first of these questions need not concern us particularly at this 
time It IS generally accepted that proteins almost, if not quite 
exclusively, are alone capable of acting as antigens Attempts have 
been made to detect the antigenic moiety m the complex protein 
molecule which is responsible for the speafic response, either by disin- 
tegrating proteins to the stage last producing antibodies, or by combin- 
ing radicles of the protein molecule in such combination as to originate 
specific antibody response hlore recent emphasis has particularly 
been paid to modification m the protein molecule by heat, chemicals, 
and the like, which modify its antigenic property, and particularly 
the addition of carbohydrates or lipoids to proteins has been studied 
in this regard Of particular interest are the so-called haptenes of 
Landsteiner which apparently have the property of uniting with anti- 
bodies but not of produemg them The contradictory bearing of this 
conception of Ehrlich’s theory need scarcely be emphasized 
The problem of the origin of antibodies in the animal body is one of 
the oldest problems of immunity Eollowmg the discoverj' of anti- 
toxins, attempts were made to ascertain how these important proper- 
ties of serum originate, although it was thought at first that a simple 
transformation of toxin into antitoxin in the blood stream might 
take place It was found that the marked disproportion between the 
antigen injected and the antibodies produced could scarcely be 
explained on the basis of simple transformation It was then found 
that exsanguination with the mechanical removal of a large proportion 
of antitoxin gives only a slight and temporary decrease of antitoxin 
in the circulating blood of the immunized animal This and the 
stimulating effect of pilocarpin on antibodj production indicated inevi- 
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tably that the origin of these important substances lay outside the 
blood stream, and by inclusion must be regarded as being due to cell 
activity Ehrlich’s theory of immunity offered apparently complete 
explanation of this mtraceuUular process In fact its very complete- 
ness, in view of the relative paucity of observations at the penod at 
which it was suggested, should have rendered us suspicious of its 
accuracy, but instead of a suspicion, a remarkably widespread accep- 
tance of Ehrhch’s view prevailed, and in our opmion inhibited actual 
progress by satisfying intellectual curiosity Investigations for many 
years were dominated by attempts either to prove or disprove Ehr- 
hch’s theory, instead of a continued search for the actual facts 
Apparently when antigens are introduced parenterally, that is to say, 
in complete and undigested form into an animal of another 'species, 
they become fixed somewhere in the cells and, it may yet be as Ehrlich 
assumed and as there is some experimental evidence to indicate, they 
become fixed in the case of poisonous antigenic substances in those 
cells which such poisons attack It is difficult to see, however, how 
the second phase of Ehrlich’s hypothesis, namely the production of 
antibodies by the susceptible cells, could take place, until convincing 
experimentation should prove such localized formation Such evi- 
dence, in spite of repeated search for it, has never been produced 
The search for evidence of a more direct sort on this problem has not 
been lacking, but has so far also been without conclusive results The 
generalmethodspursuedin such investigations have been the following 
first, the search for the point of fixation of the antigen after its intro- 
duction mto the animal body. Even if this were convincingly shown 
it would not suffice to prove that, although the antigen were fixed in a 
particular oirgan, the antibody is produced there 

Next, the precocious appearance of the antibody has been sought 
in various tissues particularly in the hematopoetic system, before the 
appearance of such antagonistic substances in the general circulation 
Thirdly, and correlatively, an attempt has been made to destroy 
certain parts of the hematopoetic system, as by the action of benzene 
on the bone marrow, or by simple ablation by the spleen, in an attempt 
to show that such effect destroys or minumzes antibody production 
Our final conclusions from such expenments along these several 
lines would be that, although suggestive results have been obtained m 
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the hands of some investigators, no final conclusions can be made as to 
the production of any particular antibody in any defimte organ or 
tissue It IS our feelmg that antibody production may well be a more 
umversally distributed function in the animal body than would be 
revealed by any of these methods that have been described, and we 
beheve that a suggestive hne of inquuy has been opened on this 
question by means of blockade of the reticulo-endothehal system 
This mode of attack, is by no means as yet conclusive for several 
reasons in the first place, when we speak of reticnlo-endothdial 
blockade we imply that the substances employed in attempting 
to produce such a result actually do “blockade” the vanous types of 
cells -which m their aggregate constitute this supposed system In 
other words, reticulo-endothehal blockade should fill up the vacuoles 
and thereby put out of function the cells of the capillary endothelium, 
the monocytes, and the tissue macrophages As a matter of fact, it 
would seem that the different materials utihzed are more or less selec- 
tively chosen, each by one of these particular types of cells which have 
been mentioned The clasmatoc)d;es of connective tissues ingest and 
store trypan blue whereas carbon particles seem to locate in the endo- 
thelial cells, so that the employment ofanyoneofthesesubstances alone 
would certainly not suffice to blockade the entire reticulo-endothehal 
system And again the complete blockade by methods, usually 
employed, of even one type of these cells may well be questioned Our 
own results indicate that hemolysin production is inhibited by injec- 
tion of trypan blue in rabbits and rats Others have obtained no 
inhibition or indeed an actual stimulation It is of course not mcon- 
sistent that an incomplete filling of these cells should stimulate 
antibody production whereas complete blockade should prevent it 
Certainly here as in other types of eiqierimentation positive results 
under certain given and controlled conditions, which may not be pre- 
asely duphcated m a number of negative repetitions, by no means 
invalidates the first finding Certainly continued investigations with 
vanous dye stuffs, colloids, and particulate matenals are indicated, 
particularly if such matenals can be found as are selectively stored in 
cells other than the histiocytes 
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LOCAL OR 21SSDE IMMUNITY 


The possible existence of a condition of localized immunity was 
indicated long before a descriptive term for this condition was origi- 
nated by Wassermann This author assumed that a certain ^hetun- 
ing (Umstimmung) of the cells would account for their increased 
3, given infectious agent It was originally shown bv 
hletchnikoff that cells other than the pol3rmorphonucIear leucocytes 
have undoubted phagocytic properties His macrophages comprise 
at least the mononuclear cells of the blood, endothelial cells, and Kup- 
ffer cells As we have already indicated, Metchnikoff assigns to these 
cells phagocytic properties, particularly for the cells of foreign animal 
species, for the microorganisms of certain chronic infections, and for 
protozoon parasites. The protective significance of the mononuclear 
cells which follow the polymorphonuclear cells into the serous cavities 
in acute bacterial infections was also recognized by Bordet in studies 
with the streptococcus, and by many others In other words, what- 
ever may be the importance of the pol 3 anorphonuclear leucocytes, the 
mononuclear cells have been understood as forming the second line 
of defense either by direct ingestion of infectious agents, or by the 
secondary ingestion of such agents already phagocy ted by the polymor- 
phonuclear cells 

Our own studies with the streptococcus m rabbits have led us to 
regard these mononuclear cells as the sole important element in com- 


batting the particularly virulent type of organism with which we were 
working We found not only that a local immunity of the skin in 
experimental erysipelas could be produced, but that a relatively local- 
ized protection of the pleural cavity could be created, not only by mjec- 
tion of the specific streptococcus, but by such indifferent matenals as 


aleuronat and broth, provided the proper interval is chosen Protec- 
tion in all these instances was paralleled by the predominance, or at all 
events by an adequate minimal number, of mononuclear cells in the 
pleural exudate Pol5miorphonuclear cells in this instance have no 
protective value It was easy to prove that the mononuclear cells 
are essentially the histiocytes of connective tissue which must be 
derived, not from the arculation, but from adjacent structures The 
next subject in our analysis was the proof that the actual protection 
in the pleural cavity under these conditions, although reflected in the 
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exudate, was due to the formation of granulation tissue in the parietal 
pleural wall Granulation tissue in general has long been recognized 
as resisting bacterial infection, but it remained for recent studies, in- 
cluding our own, to recogmze that the resistance of such granulation 
tissue to certain bactena is due to histiocytes and not to other cells in 
such a tissue 

It was subsequently possible to prove that the granulation tissue 
m the pleural cavity does not act simply as a mechanical barrier, but 
rather in virtue of the phagocytic activity of its constituent clasmato- 
cytes This could be shown by the fact that such cells mobilized in 
one pleural cavity may be moved to the other pleural cavity, and there 
likewise produce protection Subsequent experiments have shown 
that similarly mobilized cells m the omentum and peritoneal wall may 
progress through the diaphragm to the pleural cavities and protect, 
and they may actually be transferred from one animal to another by 
means of omental transplants (Linton) It is possible indeed to trans- 
fer such protection from one animal species to another species (guinea 
pig to rabbit) 

This type of protection against an acute bacterial infection is due to 
the one group of cells that can with certainty be identified by vital and 
supravital stains Apparently this protection is due to a quantitative 
increase of these cells and their mobilization, rather than to a quahta- 
tive change in them It by no means proves that other bactena are 
affected m the same way as is our streptococcus In fact, in the hands 
of Chesney, granulation tissue, produced to be sure in a different way 
from our own, is readily penetrated by the Treponema pallidum and 
by the Pasleurella amseptica We have confirmed certam of these 
results This only indicates that we should study other groups of 
cells, for increased protective functions of this sort with various bac- 
tena The cells that m e have employed, the clasmatocytcs, have the 
advantage of greater resistance (Lewis) and of a distinct property of 
mobilization, but it may well be that more fixed tissue cells have 
similar properties We like to think of this line of expenmcntation 
merely as introductory to what may be referred to as the histology 
of immunity, and as perhaps leading to a more complete understand- 
ing of the fundamental properties of the tissues underlying antibody 
formation and active phagocytic defense 
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LOCAL OR TISSUE IMMUNITY 

The possible existence of a condition of locaHzed immunity was 
indicated long before a descriptive term for this condition was origi- 
nated by "Wasserniann This author assumed that a certain **retun- 
ing” (Umstimmung) of the ceUs would account for their increased 
opposition to a given infectious agent It was originally shown by 
Metchnikoff that cells other than the polymorphonuclear leucoc3des 
have undoubted phagocytic properties His macrophages comprise 
at least the mononuclear cells of the blood, endothelial cells, and Kup- 
ffer cells As we have already indicated, Metchnikoff assigns to these 
cells phagocytic properties, particularly for the cells of foreign animal 
species, for the microorganisms of certain chronic infections, and for 
protozoon parasites The protective significance of the mononuclear 
cells which follow the polymorphonuclear cells into the serous cavities 
in acute bactenal infections was also recognized by Bordet in studies 
with the streptococcus, and by many others In other words, what- 
ever may be the importance of the polymorphonuclear leucocytes, the 
mononuclear cells have been understood as forming the second line 
of defense either by direct ingestion of infectious agents, or by the 
secondary ingestion of such agents already phagocy ted by the polymor- 
phonuclear cells 

Our own studies with the streptococcus in rabbits have led us to 
regard these mononuclear cells as the sole important element in com- 
batting the particularly virulent type of organism with which we were 
working. We found not only that a local immunity of the skin in 
expenmental erysipelas could be produced, but that a relatively local- 
ized protection of the pleural cavity could be created, not only by injec- 
tion of the specific streptococcus, but by such indifferent materials as 
aleuronat and broth, provided the proper interval is chosen Protec- 
tion in aU these instances was paralleled by the predominance, or at all 
events by an adequate minimal number, of mononuclear cells in the 
pleural exudate Polymorphonuclear cells in this instance have no 
protective value It was easy to prove that the mononuclear cells 
are essentially the histiocytes of connective tissue which must be 
derived, not from the circulation, but from adjacent structures The 
next subject in our analysis was the proof that the actual protection 
in the pleural cavity under these conditions, although reflected in the 
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The disease which constitutes the subject of my discussion, namely 
herpes, is a member of a large group of maladies of unknown etiology 
ivhich includes within its wide boundanes many important examples, 
occurringnotonly in man, but in the lower vertebrates, insects, plants, 
perhaps even among bacteria as well (33) The proper members of 
this group have as their cause specific active agents which have been 
shoivn to be passable through earthenware or porcelain filters with 
sufficiently small pores to hold back most of the ordinary types of 
bacteria The members of the group are therefore designated at 
present filterable virus diseases 

It IS an honor to this institution that its leadership has recognized 
the very great importance of filterable virus diseases, as promising 
subjects for especial study, by creating the first Department of 
Filterable Viruses, which has served to focus upon this field the 
attention of many investigators in this country 

Ihe known parasites of infectious diseases fall into two great groups, 
namely plant parasites, such as the bacteria and fungi, and animal 
parasites, particularly the protozoa 

The biological nature of the specific parasite of a disease has been 
determined m the mam by cultivating the causative microorganism 
on suitable artificial media outside the bod> of the host, as with the 
bacillus of typhoid fever, or by a study of the form of the infecting 
agent in the blood or tissues of the host, as m the case of the plasmo- 
dium of malarial fever 

Notwithstanding the large number of diseases which m recent years 
has been scientifically classified m this way, on an etiological or 

1 Dc Lamar Lecture dcliv ered before the Johns llopUns Univ ersity School of Hygiene 
and Public Health, February 26, 1929 
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occurringnotonlyin man, but in the lower vertebrates, insects, plants, 
perhaps even among bacteria as well (33) The proper members of 
this group have as their cause specific active agents which have been 
shown to be passable through earthenware or porcelain filters with 
sufficiently small pores to hold back most of tlie ordinary types of 
bacteria The members of the group are therefore designated at 
present filterable virus diseases 

It IS an honor to this institution that its leadership has recognized 
the very great importance of filterable virus diseases, as promising 
subjects for especial study, by creating the first Department of 
Filterable Viruses, which has served to focus upon this field the 
attention of many investigators in this country 

The known parasites of infectious diseases fall into two great groups, 
namely plant parasites, such as the bacteria and fungi, and animal 
parasites, particularly the protozoa 

The biological nature of the spcafic parasite of a disease has been 
determined m the main by cultivating the causative microorganism 
on suitable artificial media outside the bodj of the host, as wath tlie 
baallus of typhoid fever, or by a study of the form of the infecting 
agent in the blood or tissues of the host, as in the case of the plasmo- 
dium of malarial fever 

Notwithstanding the large number of diseases which in recent years 
has been saentifically classified in this way, on an etiological or 

* Dc Lamar Lecture delivered before the Johns Hopbns Umvcrsit> School of Hygiene 
and I’ublic Health, Tebruarj 26, 1929 
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The viruses of these two diseases, rabies and poliomyelitis, belong 
to the neurotropic group (Levaditi) of filterable agencies, that is, they 
have an especial affinity for nervous tissue (22) 

Recent experimental investigations have shown tliat the herpetic 
virus, which causes the common fever blister or cold sore of the hp, is 
also neurotropic, and it is now classified with the viruses of rabies and 
acute antenor poliomyelitis In certain animals, particularly the 
rabbit, the herpetic virus is often a more virulent pathogemc agent 
than IS either rabies or poliomyelitis in man Many strams of her- 
petic virus, if inoculated upon the skin or the mucous membranes of 
arabbit, are capable of inducing a rapidly fatal disease of the brain and 
spinal cord 

The newer knowledge of herpes has come dunng the last few years 
It began with, and was made possible through, the demonstration by 
Gruter in 1912 that a particle of material from an herpetic blister if 
inoculated upon rabbits, will cause herpes, and the disease maybe 
transmitted in senes, from one rabit to another (19) 

The demonstration of the transmissibihty of herpes has resulted m 
knowledge which helps in the understanding of the common herpetic 
infections of man, and also aids in theoretic interpretations of the 
activity of other virus diseases 

It IS my purpose in this discussion to present some of the recent 
axpenmental work on herpes in man and animals, and to consider the 
possible relationship of herpes simplex to herpes zoster, or shingles, 
and to epidemic (lethargic) encephalitis I shall also discuss the 
pathogenesis of herpetic infection in man 
At the outset it is necessary to distinguish the disease herpes simplex, 
from the disease herpes zoster, zona or more popularly, shingles 
Zoster has not as yet been proven to be transmissible to lower animals, 
whereas the virus of herpes simplex is readily inoculable upon rabbits 
and certain other animals (6) 

Herpes simplex in man is a disease ivith a variety of manifestations 
\ 5) (24) Everyone is familiar with the general characteristics of 
fhe common fever blister or cold sore which occurs so frequently 
a out the margins of the lips It will be recalled that the eruption 
■s usually localized at one or more points about tiie muco-cutaneous 
order It begins with a somewhat painful swelling which soon 
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causal basis, there remains the important group of filterable virus 
diseases which appear to be infectious, and are often the most con- 
tagious of diseases, whose causative agents have neither been culti- 
vated on lifeless media nor yet identified with certainty by means of 
the microscope The filterable viruses are known only through the 
changes which they induce in certain cells of the host (14) There is 
often a striking specificity of effect of a virus on certain types of cell 
This is seen in such filterable virus diseases as rabies and acute anterior 
poliomyehtis, m which the specific viruses affect particularly, and 
possibly only, the cells of the nervous system Characteristic for V 
such filterable pathogenic agencies is that they increase in quantity 
in close association with the cells which they specifically change 
The viruses frequently bring about structural alteration of the cells 
which are often specific for the virus concerned (32) 

Due to the fact that the viruses have never been cultivated on life- 
less media, and that nothing of sufficiently distmctive form has ever 
been seen in the diseased tissues to prove their parasitic nature, two 
divergent views have arisen concerning them One view is that 
they are extremely small living parasites, escaping detection or 
recognition because of their size, which grow within, upon, or in 
very intimate relation with, the cells of the host (14) Another view 
interprets them to be non-living agents of the nature of enzymes, 
ferments or toxic substances which, when they affect certain cells, 
cause these cells to reproduce the same non-living active material, 
thus accounting for the continuous regeneration of the pathogenic 
agent (34) (6) (29) 

In order to prove an etiological relationship of a certam parasite 
or agent to any disease, it is first necessary to show that the parasite 
or agent under consideration is transmissible from one individual to 
another, and that it induces on transmission a corresponding disease 
in the new host The members of the group of filterable viruses have 
thus been shown to be transmissible active agencies If the virus of 
rabies, for example, is moculated into a susceptible animal the dis- 
ease hydrophobia results and it is associated with characteristic 
changes in cells of the nervous system Likewise if the virus of 
pohomyelitis is moculated into monkeys (macacus rhesus) nerve 
changes and paralyses result quite comparable to those of infantile 
paralysis 
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the infectious diseases frequently accompanied by herpes are pneu- 
monia, cerebrospinal meningitis, malana, influenza and infectious 
jaundice The chemical intoxications -which predispose to an herpetic 
eruption are those caused by protems, for example vaccmes and foreign 
serums, and by certain drugs such as arsemc, cacodylate of soda, 
salvarsan, iodine, lead and morphine Almost any morbid state may 
at times be accompanied by herpes The diversity of conditions 
which appear to initiate an herpetic eruption would seem to necessitate 
the assumption of a very wide dissemination of herpetic -virus or a 
very ready generation of it spontaneously Recurrent herpes break- 
ing out at almost exactly the same cutaneous site at monthly or even 
yearly intervals suggests very strongly that the -virus may be harbored 
locally in a latent form for long periods I shall have occasion later 
on to revert to these problems 

Much of our recent knowledge of herpes has come through the 
study of e-xperimental herpetic disease in lower animals, and in order 
to discuss more clearly the human disease it wiE be necessary bnefly 
to review this phase of the problem 

Following Gruter’s basic discovery of the transmissibility of herpes, 
the problem was rapidly attacked by experimenters m many parts of 
the world Various clinical forms of herpes were proven to be simi- 
larly inoculable (26), and the expenmental herpetic vesicles were 
shown to be like those of the human, even m specific cytologic detail 
(25) In experimental investigations the disease has usually been 
transmitted by infecting the scarified cornea of a rabbit -with material 
derived directly from the human lesions Within twenty-four hours 
after inoculation small watery bhstcrs appear along the lines and 
points -ft here the comeal cpithehum has been injured by scarification 
CeUular injury seems to be an important prereqmsite to a successful 
inoculation Rapidly the clear corneal vesicles rupture lea-Ving tiny 
ulcers, these extend and coalesce until the entire cornea may become 
ulcerated As the intensity of the injury increases a profuse in- 
flammatory reaction occurs in the cornea and the entire conjunctiva, 
filling the eye w ith thick pus Reaching its height in four or five days 
the inflammation gradually subsides and the eye heals, usually with 
total loss of vision 

With some strains of -virus no other symptoms occur in tlic mfected 
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develops into groups of small, watery blisters situated upon an ery- 
thematous base These dry up in a few days and heal without leaving 
a scar Some individuals have recurrent attacks, and the eruption 
may appear at approximately the same site at fairly definite intervals 
The herpetic eruption confined to the lips is spoken of as herpes labialis, 
and on the other parts of the face, as herpes facialis If it is on the 
cornea it is referred to as herpes corneae A similar eruption occurs 
less frequently about the genitaha and is termed herpes progemtalis 
E^eriments have shown that virus from each of these forms is in- 
fectious to man and rabbits, and there is good evidence that they 
are all caused by the same active agent (26) These and all other 
t 3 q)es which are infectious to the rabbit may be referred to under 
the general name of herpes simplex In addition to these localized 
skin manifestations many clinicians have insisted upon the reality of 
a general reaction caused by herpetic virus which has been named 
herpetic fever This has been described by Plessing (24) as follows 

Suddenly without prodromal symptoms, a patient, more often young 
and without antecedent sickness, is seized with chills, in a few hours the 
temperature rises to 40°C and over The patient feels fatigued, complains 
of headache, sometimes with associated jomt pams, the tongue is coated 
and there is a total loss of appetite One may suspect a grave illness, but 
m a short tune, sometimes at the end of the first day, often upon the third 
day, the fever falls and the patient recovers However, there appears, 
generally after the third day and in uncomphcated cases, after the rise in 
temperature, a facial herpes (labial or nasal) The disease ends with the 
desquamation of the lesions 

In such cases the throat may be sore and the tonsils covered with 
minute ulcerations (1) The disease may appear m epidemic form 
This clinical condition needs further investigation to ascertain its 
exact relation to herpes 

Some herpetic eruptions seem to be idiopathic, that is, they do not 
appear to depend upon nor to be associated with any other pathologic 
condition Similar herpetic eruptions are secondary to some other 
condition The latter cases may be subdivided into those in which 
a concurrent infectious disease is evident, and those which are de 
pendent upon an intoxication mduced by chemical means Among 
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the infectious diseases frequently accompanied by herpes are pneu- 
monia, cerebrospinal menmgitis, malaria, influenza and infectious 
jaundice The chemical intoxications which predispose to an herpetic 
eruption are those caused by protems, for example vaccines and foreign 
serums, and by certain drugs such as arsemc, cacodylate of soda, 
salvarsan, iodine, lead and morphine Almost any morbid state may 
at times be accompanied by herpes The diversity of conditions 
which appear to initiate an herpetic eruption would seem to necessitate 
the assumption of a very wide dissemination of herpetic virus or a 
very ready generation of it spontaneously Recurrent herpes break- 
ing out at almost exactly the same cutaneous site at monthly or even 
yearly mtervals suggests very strongly that the virus may be harbored 
locally m a latent form for long periods I shall have occasion later 
on to revert to these problems 

Much of our recent knowledge of herpes has come through the 
study of experimental herpetic disease m lower animals, and in order 
to discuss more clearly the human disease it will be necessary bnefly 
to review this phase of the problem 

Following Gruter’s basic discovery of the transmissibility of herpes, 
the problem was rapidly attacked by experimenters in many parts of 
the world Various clmical forms of herpes were proven to be simi- 
larly inoculable (26), and the expenmental herpetic vesicles nere 
shown to be like those of the human, even m specific cytologic detail 
(25) In expenmental investigations the disease has usually been 
transmitted by infecting the scanfied cornea of a rabbit with material 
denved directly from the human lesions Within twenty-four hours 
after inoculation small watery blisters appear along the lines and 
points IV here the comeal epithehum has been injured bj scarification 
Cellular injury seems to be an important prerequisite to a successful 
inoculation Rapidly the clear corneal vesicles rupture leaving tiny 
ulcers, these extend and coalesce until the entire cornea may become 
ulcerated As the intensity of the injury increases a profuse in- 
flammatory reachon occurs in the cornea and tlie entire conjunctiva, 
filling the eye with thick pus Reaching its height in four or five days 
the inflammation gradually subsides and the eye heals, usuall> with 
total loss of vision 

With some strains of vims no other sjTnptoms occur in the infected 
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rabbits Doerr and Vochting observed in their experiments, how- 
ever, that a few days after infection of the cornea the rabbit would 
show curious nervous disturbances accompanied by a marked eleva- 
tion of body temperature. Following a unilateral corneal infection 
the head would be drawn at short intervals toward the affected side 
This symptom during succeeding days would become more intense 
until loss of equilibrium ensued, and as the head became drawn to the 
side the animal would fall in the same direction, nght himself with 
difficulty and remain in an upright position only by bracing himself 
against the side of the cage Frequent fatal terminations occurred 
nine to twelve or more days after inoculation, preceded by convulsions 
with gnashing of the teeth, opisthotonos, and sahvation Doerr and 
Vochting proved that the herpetic virus had reached the brain in 
these instances, and that an acute herpetic encephalitis was responsible 
for the tram of symptoms The brain contained active virus demon- 
strable by inoculation upon the cornea or subdurally. Virus from a 
common fever blister was thus shown to be capable of causing in the 
rabbit an inflammation of the cornea and conjunctiva terminating 
fatally in an acute infection of the brain. In some way herpetic 
virus, initially applied to the cornea, had reached the central nervous 
system It prohf crated there and injured the nerve cells as it did the 
cells of the cornea No other changes were found in the bodies of 
rabbits dead of herpetic encephalitis which indicated any other local 
injuries It seemed therefore that nervous tissue in the rabbit is 
particularly susceptible to the virus 

The question immediately arising as a result of these observations 
was, how does herpetic virus from an infected eye reach the brain to 
bring about an encephalitis. Doerr and Schnabel found that they 
could induce an encephalitis by introducing the virus into the blood 
stream of a rabbit They therefore assumed that herpetic virus 
invades the blood stream from a diseased eye, causing a septicaemia 
It then localizes in some way in the brain from the circulating blood 
It is difficult to demonstrate herpetic virus in the blood of a rabbit 
with herpetic keratitis, and Levaditi was unsuccessful in inducing 
encephahtis by mtravenous injection of virus As a result of bis 
own experiments Levaditi therefore concluded that virus enters the 
brain from an infected cornea by a direct mvasion along the correspond 
ing optic nerve. Neither of these views however proved to be correct. 
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Fnedenwald found active virus in the Gassenan ganglion following 
herpetic keratitis m the rabbit and he suspected because of this 
observation that the virus enters the central nervous system through 
the sensory division of the fifth cranial nerve which innervates the 
cornea 

The experiments of Goodpasture and Teague demonstrated con- 
clusively that from an infected cornea the virus does enter the brain 
invariably by way of the sensory division of the fifth cranial nerve 
on the infected side, and that it causes a unilateral inflammation 
about and within the central termination of this nerve in the pons 
From this point of entry it spreads within the central nervous system 
and in fatal cases teiminates m an acute encephalitis, particularly 
marked in the basal region of the cerebral cortex 

It was found that the virus is capable of causing a specific herpetic 
lesion not only m the cornea, but in many other tissues of the rabbit 
(15) Following local injection or application of small quantities of 
virus obtained from an early keratitis, specific herpetic lesions were 
induced m the rabbit’s conjunctiva, retina, buccal mucosa, skin, 
trachea, liver, adrenal, ovary, brain and spinal cord These expen- 
ments demonstrated that the herpetic virus is not restricted to the 
skin and the nervous system in its capacity to prohferate and cause 
lesions in the expenmental animal It was observed further that 
the virus frequently attacks the spinal cord or the brain following a 
penpheral inoculation in the tissues mentioned above, and if this 
event occurs the initial injury m the nervous system takes place at 
the point where the nerves which supply the pcnpherally inoculated 
area enter the spinal cord or the brain For example if the retina is 
infected a local herpetic retinitis results and this is succeeded by a 
progressive infection of the brain which follows tlic course and distri- 
bution of the optic nerve An infection of the tracheal mucosa is 
followed by an encephalitis affecting the medulla oblongata where 
the vagus nerve is distnbutcd Inoculated into the masseter muscle 
on one side the virus traverses the motor division of the fifth cramal 
nerve and first induces changes in the corresponding motor nucleus 
on tlie same side Infection of the ovary, adrenal or liver is followed 
by a transverse myelitis affecting that portion of the spinal cord where 
sympathetic fibers from the infected organs offer channels for conduct- 
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ing the virus An interpretation of these experiments led to the 
conclusion that peripheral nerves, whether sensory, motor or sym- 
pathetic, may serve as portals of entry into the central nervous system 
for the virus of herpes if a local herpetic lesion be induced somewhere 
in the peripheral tissues (16). The correctness of this conclusion was 
borne out by the fact that a myehtis of the lumbar portion of the 
spinal cord could be caused by an inoculation into a muscle supphed 
by the sciatic nerve, but if the sciatic nerve were severed before the 
inoculation no myehtis ensued All that seems necessary to induce 
an herpetic inflammation of the central nervous system is to bring a 
suitable strain of the virus into intimate contact with the peripheral 
nerves or their terminations by means of an injury 

Of course these expenments were highly artificial m that they 
brought virus into localities and into contact with nerves in a way 
which would hardly occur under any natural conditions of contagion. 
Subsequent experiments however threw some hght on the possibihties 
of infecting the central nervous system through contact between 
infected and non-infected rabbits Goodpasture found that normal 
rabbits placed in the same cages with rabbits having a corneal herpes, 
in the majority of instances, contract herpetic encephalitis in a few 
days (17). By carefully examining the various nerves which connect 
the periphery with the spinal cord and brain, it was found that in 
these contact mfections the virus enters the brain through the sensory 
division of the fifth and the nmth cranial nerves This was deter- 
mined by finding the earliest herpetic lesions at the central termina- 
tions of these nerves, and m the case of the fifth nerve that portion 
was affected which supplies the mucosa of the mouth and the nose 
It was concluded therefore that m contact herpetic infection in rabbits 
the virus enters the brain through those nerves which supply the 
mucous membrane of the mouth and throat It seemed possible 
that a similar route might be the portal of entry for the virus of poho- 
myelitis in certain cases m the human Marinesco and Draganesco 
somewhat later also demonstrated that the virus enters the brain 
following corneal inoculation by way of the sensory division of the 
fifth nerve Accordmg to their view the passages of transit were 
the perineural lymphatic spaces 

The experiments of Goodpasture and Teague had indicated t at 
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the virus of herpes increases withn the cells which it injures and not 
within the body fluids Therefore, they interpreted the passage 
of virus from the penphery to the central nervous system to be not 
through lymphatics but by way of the axis-cyhnder neural processes, 
which form a direct connection between the injured penpheral cells 
and the bodies of the nerve cells themselves This hypothesis was 
submitted to experimental test by inoculating the masseter muscle 
on one side and studying the changes in the corresponding motor 
nerve and the fifth motor nucleus, as soon as an encephalitis manifested 
Itself (18) In suitable experiments herpetic changes were observed 
within the motor ganglion cells deep m the pons before lesions could 
be found within the nerve or elsewhere It was concluded that 
following an intramuscular inoculation the virus passes directly along 
the axis-cyhnders of the corresponding nerve to the motor ganglion 
cells, not by a passive transportation but by active proliferation in 
the intracellular medium represented by the axis-cylinder process 
The myelin sheaths surrounding the axis cylinders seem to insulate 
the virus in its passage into the brain from the penphery, for it was 
found that the cells of the sheath of Schwann surrounding the axis- 
cylinders ate susceptible to herpetic virus, and when they become 
affected an acute neuritis manifests itself It was possible in these 
cxpenments for the virus to affect the ganglion cells in the fifth motor 
nucleus, after passing through the very susceptible neurogba within 
the brain, without causing any evidence of an inflammation of the 
nerve itself until the deeply embedded nucleus was reached The 
progress of the virus within the brain and the spinal cord, once it gams 
entrance, also suggests that its spread is directed by neural processes 
and paths 

Herpetic infections in the rabbit do not always lead to obvious 
involvement of the central nervous system Some strains of virus 
are much more ncurotropic than others A well established herpetic 
encephalitis is not always fatal Those animals which recover from 
a peripheral or central infection arc immune to reinoculation, and the 
completeness of the immunity depends considerably upon the extent 
and duration of the ongmal infection This is m contrast to the 
apparent absence of immunity following herpes m the human Teis- 
ser, Gastonel and Reilly haae shown, however, that on repeated 
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(4 to 7) infection of persons with autogenous virus a refractory state 
may be induced Tbe immunity, however, is of short duration (m 
one patient 15 days) While refractory to inoculations with their 
own strain of virus, these patients usually remain receptive to the 
virus from another patient, and their own virus is still infectious for 
others Examination of the blood during the refractory state dis- 
closes no demonstrable immunity reactions 
Experimental herpetic infections in animals, which have demon- 
strated so strikingly the tendency of this virus to invade nervous tis- 
sues, have focused attention on the possibility of similar extensions of 
primary infections in the human from a penpheral eruption by way of 
nerves to neural ganglia or to the central nervous system itself The 
evidence is that it may so spread m the tissues of man While most 
herpetic eruptions in the human do not have an obvious neural distri- 
bution it is not at all uncommon to observe, not only in facial herpes 
but in eruptions on other cutaneous surfaces, a very definite or a 
probable relation of the eruption to a particular cutaneous nerve 
Teague and Goodpasture described a typical herpetic eruption along 
the course of the nght supra-orbital nerve Transmissible virus was 
demonstrated in the vesicles of this lesion by inoculation upon the 
rabbit. Before the infectious nature of herpes had been established 
by animal inoculation, Howard had shown that in cases of labial herpes 
the Gassenan ganglia may show an inflammatory reaction Injury 
to a Gasserian ganglion, as observed by Cushmg, is not infrequently 
followed by an herpetic eruption within the field of distribution of 
imdestroyed cutaneous branches, apparently from a central source. 
Associated with genital herpes an increase of mononuclear cells in 
the cerebrospinal fluid has been noted (24), and m certain rare in- 
stances with or without cutaneous herpes, an herpetic virus has been 
recovered from the spinal fluid (11) 

Smce the herpetic virus is capable of penetrating so far as the spinal 
fluid in the human, and m view of the fact that it has an especial 
propensity for penetrating the brain and spinal cord in rabbits, 
inducing frequently a fatal encephalitis, the question has arisen 
whether the virus may also on occasion attack the central nervous 
system of man and bring about senous results This contingency has 
received a great deal of consideration in recent years since the an- 
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nouncement'by Levaditi and Hamer of the discovery of a virus m 
the brain of a fatal case of lethargic encephahtis, or the sleeping sick- 
ness of von Economo, which was not, in the expenence of Doerr, 
distinguishable from that of herpes sunplex The possible etiological 
relationship of herpetic virus to epidemic lethargic encephalitis has 
recently been cntically discussed by Flexner, Doerr and by Zinsser 
I shall therefore not attempt at present a thorough consideration of 
the matter 

The basis of fact on which may rest an hypothetical etiological 
relationship of herpes virus to epidemic encephahtis is the demon- 
stration by several investigators of a virus indistingmshable from that 
of herpes in the brain or spinal fluid from certain cases of encephalitis 
Strains of virus have been isolated by Levaditi and Hamer in France, 
Doerr and his coworkers in Switzerland and Germany, by Luger and 
Lauda in Austna and by Perdrau m England (40) On the otlier 
hand the vast majonty of attempts to recover a virus from what ap- 
pears to have been equally favorable matenal have failed (12) This 
IS illustrated by the expenence of Flexner and Amoss who have never 
succeeded in isolating a virus from encephalitis either from the brain 
or spinal fluid notwithstanding they have made a great many at- 
tempts Those who have been successful, have also met with many 
failures, and as Flexner has pointed out there have been no doubt 
numbers of unrecorded negative results Consequently we must 
consider the isolation of an herpetic virus from lethargic encephalitis 
a rather rare accomphsliment Herpetic virus is so infectious for 
rabbits that were it the cause of epidemic encephalitis one would 
expect It to be easily demonstrable in the cerebral tissues of early 
cases of this disease This, however, is not the fact It seems quite 
possible that the successful results were due to the recovery of a latent 
herpetic virus which had no direct etiological relationship to the 
encephalitic disease This is rendered more likely by the demonstra- 
tion by Flexner and Amoss of an herpetic virus in the spinal fluid of a 
patient with syphilis of the central nen'ous system in whom there had 
been at no time a question of the presence of epidemic encephahtis 
One would more readily discount the positive results with encepha- 
litic matenal were it less rarely possible to demonstrate herpetic 
virus in the nervous tissues or spinal fluid of non-encephalitic indi- 
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viduals. I do not feel, however, that a sufficient study has been made 
of the possible virus content of human nervous tissue, especially the 
. Gasserian gangha, of non-encephalitic individuals, to permit the 
conclusion that herpetic virus is more readily demonstrable in encepha- 
litic tissues than in the non-encephahtic, 

I cannot agree entirely with Zinsser that ‘'epidemic encephalitis is 
beyond doubt an infectious disease in which the virus causes lesions 
in the central nervous system, comparable in histologic principles to 
those in pohomyehtis and to some extent, to those in rabies ” While 
it may be admitted that the clinical course and even the pathologic 
histology of encephahtis suggests an infectious etiology, the cerebral 
lesions, so far as they have been described, are not in my opinion 
comparable to those of poliomyelitis nor of rabies, and they do not 
force upon one the conclusion that they are the effect of a filterable 
virus Vascular changes, particularly the presence of minute hemor- 
rhages and perivascular infiltrations, are descnbed as the most charac- 
tenstic features of the histologic picture Although DaFano has 
emphasized certain structural changes within the ganglion cells which 
he has observed, most authors have not found any neuro-cellular 
alterations which they have regarded as in any way specific On the 
other hand in all the filterable virus diseases of the central nervous 
system it is the changes in the nerve cells themselves which are the 
most distinctive feature of the lesions Thus in poliomyelitis there 
is the necrosis especially of motor ganglion cells, m rabies the intracy- 
toplasmic Negri bodies and cellular necrosis, m experimental herpetic 
encephalitis of rabbits there are the intranuclear inclusions of Lip- 
schutz To say that any given lesion, whether in the central nervous 
system or elsewhere, indicates the activity of a filterable virus I feel 
that one must present evidence of some particular or specific effect 
of such activity upon a certain type of cell Each filterable virus so 
far as I am aware seems to act in mtimate relation with a certain kind 
of cell in each of its specific lesions Consequently I cannot accept 
the presence of hemorrhages and perivascular infiltrations alone as 
indicating the activity of a neurotropic filterable ^drus 

The problem of the etiology of epidemic encephalitis is stiff un- 
solved, and at the present time there does not seem to me to be any 
convincing evidence that it is caused by the herpetic virus 
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The contingency of severe herpetic infections of the nervous system 
of man must be constantly borne m mind however, and the virus 
sought for m obscure nervous conditions of every sort 
It would seem an easier matter to establish the correct relationship 
between herpes simplex and herpes zoster or zona m man, but here 
again there is uncertamty and confusion 
Herpes simplex, as we have already stated, must at present be 
distinguished from zona While there are many relative distinctions 
between them there are only two which seem to me to be of determin- 
ing importance, namely, that no virus has been transmitted from true 
zona to lower animals in senes, and that an attack of zona frequently 
seems to confer a substantial immunity (1) (24) (35) 

Zona, or shingles, is an eruptive disease, the individual skin lesions 
of which are indistinguishable histologically from those of herpes 
simplex, though they are usually more severe and more extensive than 
the latter The skin lesion consists of a vesicular eruption upon an 
erythematous base, it has a special topography which is usually 
unilateral along the course of distnbution of a spmal nerve root It 
affects the trunk more frequently than the extremities, though a 
facial zona is not uncommon 

Frequently zona is accompamed by nervous disturbances, particu- 
larly pains which precede and nearly always follow the cutaneous 
eruption There is an assoaated inflammation of the correspondmg 
postenor root ganglion and there may be also an mjury to the neighbor- 
ing portion of the spinal cord As a rule the disease does not recur 
Although no virus has been found m zona which is transmissible 
in senes to lower ammals, Kundratitz claims to have infected suc- 
cessfully two infants, eliating a local eruption after an incubation 
penod of eleven days 

As with herpes one may recognize two types of zona, namely, the 
idiopathic which appears out of a clear sky, so to speak, and the 
symptomatic which may occur apparently secondanly either to an 
intercurrent infectious disease or to an mtoxication 
Herpes simplex and zona merge into each other so completely 
clinicallj that it is often impossible to distmguish tlicm without resort 
to animal inoculation There is need for further study of this chmeal 
problem For example one sees reports of recurrent zona, like the 
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case recently observed by Skoog. I^pical zona frequently seems to 
confer a lasting unmunity and it would be of great interest to know if 
any of the instances of clinical zona which recur are caused by a 
transmissible virus, that is, a strain of herpes simplex virus. 

There is no doubt that herpetic eruptions in man sometimes have a 
neural distribution, and that they may be associated with inflam- 
matory changes withm the corresponding nervous ganglion Experi- 
mentally it IS equally certain that the herpetic virus is capable of, 
causing in animals a zonal eruption halfway around the body followmg 
a local cutaneous inoculation Teague and Goodpasture first demon- 
strated this by increasing the susceptibility of the skin of guinea pigs 
and rabbits to herpes by coating the skin a few times with coal tar 
The apphcation of tar causes an epithelial hyperplasia and a slight 
inflammation of the epidermis On moculating herpetic virus into 
a small scarified area of the skm thus treated a local lesion results, 
followed in a few days by a secondary zonal eruption of herpetic 
vesicles qmte comparable to human zona The virus passes from the 
skin, evidently by way of the cutaneous nerve filaments, centrally 
to the posterior root ganghon, thence outward along other nerve 
filaments to the periphery, where it sets up in the skin secondary 
local infections manifesting themselves as vesicles The virus on 
reaching the postenor root ganglia not only may proceed centnfugally 
but centripetally as well; and on entering the spinal cord it usually 
causes a myehtis in the region invaded Furthermore animals which 
recover from an experimental zonal herpes are immune to subsequent 
inoculation Thus the herpes virus is capable of inducing, m animals 
at least, a disease which is quite comparable to herpes zoster in man 

While we must continue for the present to classify those mstances 
of human zona in which there is no agent transmissible to lower 
^Tmnal«^ Separately from herpetic zosteriform eruptions, in which the 
agent is transmissible, I am not thoroughly convmced that the two 
diseases are essentially etiologically distmct The distinctiveness of 
the two chief characteristics of zona, namely, non-transrmssibility to 
animals and immumty production, may successively be explained 
possibly on the basis of vanations in virulence of different strains of 
herpetic virus, and on the extent and duration of the inflammatory 
lesions Animal inoculations with herpetic virus have proven the 
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existence of strains of transnussible vims which vary in their virulence 
for the rabbit One strain may cause only a mild keratitis if the 
cornea is inoculated, another will cause a violent inflammation of the 
eye and mvanably a secondary encephahtis Also the viralence of a 
particular strain for man may be greatly dummshed or completely 
lost by frequent passage through the rabbit (39) Immumty following 
an expenmental heipetic eruption is a vanable factor A very small 
local lesion in the rabbit may cause a slight immunity in a given time, 
while a more extensive infection, especially with involvement of the 
central nervous system, confers a very strong immumty In this 
connection more evidence is needed as to whether an attack of non- 
transmissible zona will confer a cutaneous immunity to moculation 
with herpes virus Teissier, Gastonel and Reilly report two cases in 
which herpes vims was inoculated successfully upon the skm of patients 
during the evolution of a zonal eraption 

The great frequency of herpetic infections in man leads one to 
conclude that the herpetic vims is easily transmissible under natural 
conditions, and that it has an extensive distnbution The wide 
prevalence of the disease has led to some discussion concerning the 
ongin and disseimnation of the vims Herpetic virus has not been 
found in the external environment, and Doerr has pointed out that its 
known properties indicate that it does not survive long outside the 
human host 

Because labial herpes is the most common clinical type of herpes 
simplex It seems probable that the vims is spread most commonly by 
direct contact with active lesions, or through infectious saliva 
Several investigators have demonstrated an active vims in the sahva 
of individuals without herpetic emption (22), although the saliva 
apparently is usually vims-free at the time of a labial emption Ac- 
cording to Flaxner and Amoss the frequency of salivarj virus earners 
IS not great Further it has been shown that the saliva is innocuous 
in the interemptive penods in individuals who are subject to recurrent 
attacks of labial herpes (39) This would indicate that such indi- 
viduals do not become reinfected from their on n saliva A completely 
satisfactory explanation therefore of the mechanism of dissemination 
of the vims has not been found 

The question of the distnbution of herpetic virus mthin the host 
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following a pnmary infection has received considerable attention 
Bastai and Busacca have maintained that following a primary infection 
the virus becomes widely distributed throughout the body by means 
of the blood stream In support of this contention these investigators 
claim to have been able to demonstrate, in a large proportion of 
individuals with the disease, active virus both in the blood and the 
cerebrospinal flmd Fisher on the other hand has cast doubt on the 
accuracy of their methods His own results and those of others indi- 
cate that It is only rarely possible to obtain virus either from the blood 
or the cerebrospinal fluid. 

The frequent outbreaks of herpetic eruptions in the course of 
certain infectious diseases and especially in association with intoxica- 
tions of vanous kinds render it very probable that the virus may reside 
in a latent form indefinitely in a large proportion of a selected popula- 
tion Thus SchotmuUer was able almost mvariably to induce an 
eruption of labial herpes by injecting into patients a vaccine of dead 
colon bacilli The recurrence of herpetic eruptions breaking out in 
certain individuals at practically the same site time and agam, are 
an evidence of a latency of the virus m intereruptive periods In 
such cases Teissier, Gastinel and Reilly, and Nicolau and Pomcloux 
were unable to demonstrate virus m skin after the lesions had healed 

If we except those instances in which virus has been obtained from 
nervous tissue and the cerebrospinal fluid in cases of epidemic en- 
cephalitis, herpetic virus has been demonstrated m individuals free 
of herpes, in the saliva and rarely in the cerebrospinal flmd. So 
exceptional is it to find the virus in the cerebrospinal fluid that this 
medium cannot be thought of as a reservoir for a latent virus in ifiany 
cases The salivary virus has been non-infectious for the human skin 
m the experiments of Teissier, Gastinel and Reilly, and the saliva is 
usually virus free when an eruption on the hp is present Con- 
sequently it is hardly plausible that recurrent attacks of herpes are 
dependent upon a virus harbored by the saliva m intereruptive periods 

It IS therefore evident that we do not know where the virus resides 
if It remain latent in intereruptive penods The results of animal 
experimentation have given us, however, a rational basis for suspecting 
that it may be harbored m an inactive state within the nervous tissues, 
particularly the nerves and the ganglia It is quite obviously possible 
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for a person who is the subject of a cutaneous herpes to infect another 
person by direct contagion provided the virus conies m contact with a 
susceptible point such as an abrasion on the lips or mucous membrane 
of the mouth or throat If the virus first infects the mucous membrane 
of the mouth anywhere within the distnbution of the sensory division 
of the fifth cranial nerve, experimental evidence demonstrates the 
possibility that it may invade the local nerve filaments and thus reach 
the Gassenan ganghon from which later it may proceed outwardly 
to cause an herpetic eruption somewhere upon the peripheral distri- 
bution of this nerve 

Following a primary infection, if invasion of nerves occurs in the 
human as in lower animals, it seems quite probable that the virus 
remains m a latent state mthin the gangha after the local lesion has 
healed A second cutaneous eruption then may result from an auto- 
infection This may occur as a result of injury directly to the nerves 
themselves, as in operations upon the Gassenan ganglion reported by 
Cushing In the disturbed physiological states assoaated with 
certain infectious diseases and mtomcations which predispose to 
herpetic eruptions there may also be a cellular injury which sets in 
activity a latent virus 

It has been shown expenmentally that herpes is easily inoculable 
either upon lower animals or upon man by placing the virus in contact 
with injured epidermal cells Cellular injurj seems to be a most 
important if not an essential prelmunary” to a successful pnmary 
inoculation, and it may be of equal importance in setting in activity an 
otherwise latent virus 

It seems to me probable from experimental and chnical facts that 
herpetic virus does reside in a latent state within the human body and 
speafically in the nervous tissues, perhaps primarily within nerve 
cells of the ganglia, and that neural disturbances are frequently the 
basis of subsequent outbreaks The occurrence of the virus within 
the saliva, the blood and the spinal fluid, I think, must be looked upon 
as accidental The evidence at hand indicates that a generation or 
growth of the virus can take place only in intimate relationship with 
certain cells, and the cells of nervous tissue, in some animals at anj 
rate, is an excellent medium for its proliferation Tliere is no ground 
for assuming that the virus can increase in saUva, blood or spinal 
fluid 



240 


ERNEST W. GOODPASTURE 


In considering the epidemiology of any virus disease one should 
bear in mind the possibility of latent infestations not only from the 
standpoint of the carrier problem, but also from that of endogenous 
reinfections Certainly in the case of herpes the possibihty of inciting 
to pathogenic activity a quiescent virus by an intercurrent disease or 
physiological disturbance is a consideration of importance 
The many facts which lead one to believe that the activity of filter- 
able viruses is intimately associated with certain cells of the host, and 
the undoubted predisposition of mjured cells to become more receptive 
to many virus infections, should cause one to consider very carefully 
what tissues might serve as natural portals of entry on the condition 
that they present susceptible injured cells In most cases of rabies 
in the human, for example, this pomt is clear Injunes due to the 
bite of rabid animals expose nervous tissue to contact with virus 
Abrasions of the skin expose epithelial cells and nerve filaments to 
accidental contamination by infectious saliva 
In herpes we find the major portion of eruptions occurmg in the 
peripheral distribution of the sensory division of the fifth cramal 
nerve From experimental observations I feel sure that contact 
infections with herpetic virus occur most commonly through the 
mucous membranes particularly of the mouth and throat In gemtal 
herpes the portal of entry is in all probability through the mucosa 
of the urethra It is in these dehcate mucous membranes that one 
may expect to find most frequently epithehal injunes which may offer 
a foothold for the virus Of very great importance m this connection 
IS the possibfiity that bactenal infections of the mucous membranes 
often prepare the ground for a subsequent or coincident virus infection 
by inj'unng the epithelium A streptococcal pharyngitis or tonsilhtis 
would offer,' it would seem, an ideal nidus for the reception of herpes 
and perhaps other virus infections One recalls the mtimate associa- 
tion of small-pox virus and the streptococcus May it not be that 
these two pathogenic agents complement each other, the streptococcus 
injuring the epithehum of the pharyngeal mucosa, the vanola virus 
then taking hold upon it as it does after scanfication of the skin? The 
two agents could be transmitted together, the one serving hke the 
artificial procedure of scanfication to render epithehal surfaces recep- 
tive for the other. 
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Following an initial infection in the mucous membrane of the mouth, 
nose or throat we may believ e from anunal experiments that herpes 
vims hke the rabic and perhaps the poliomyehtic vimses, can invade 
the nerves supplymg the area of local injury In this way it rmght 
readily gam access to the Gassenan ganglia or to the brain The 
demonstration by Howard of lesions within these gangha m association 
with herpes labialis is evidence that it does enter these stmctures 
Experimental production of an herpetic zostenform eruption showed 
us that the vims may not only proceed centnpetally along nerves 
from a local site of infection, but centnfugally as well If we assume 
a latent herpetic infection in the Gassenan gangha the pathogenesis 
of herpes which occurs on or about the face, is I believe better under- 
standable In other distnbutions of herpes and of zona it is necessary 
to assume a more widely spread invasion of the nervous system by 
vims In the case of zona of the trunk the intestinal mucous mem- 
brane must be considered as a possible portal of entry for an unknown 
vims 

In the previous discussion I have referred to herpetic vims as if it 
were a hving infectious agent Recently Doerr, Naegeli, and others 
have suggested the hypothesis that this vims may be a transmissible 
ferment or non-hving toxic substance which so acts upon cells as to 
cause a multiplication of the same ferment or toxic substance, implying 
that It may anse spontaneously under certain conditions 

While it would seem useless to enter into a discussion as to the 
distinction between a hving thing and a ferment, there is what appears 
to me an important practical point involved in this theory 

So long as we conceive of vims diseases as infections due to living 
agents there is the obvious imphcation of a possibility of identifying 
these agents morphologically and of cultivating them upon a non- 
living medium, thus submitting them to a more intensive studv On 
the other hand, if they are interpreted to be reproduced only through 
the action of living cells of the host, it would seem useless to continue 
efforts in the direction of cultivation on a lifeless medium The group 
of vims diseases is at present too ill-defined and too heterogenous to 
warrant the wide acceptance of any generalization which would tend 
to inhibit investigation of them from any direction 
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This Dra'wing of Case 141 (Fig 32) Shows the Characteristic Thrombes Lodgfd 
IN THE Lfit Descending Coronary Artera and the Large Mural Thrombus 

IN THE Left Ventricle 

The point of rupture of the heart is not shown here (Drawing obtained through the 
courtesy of Dr J P O’Hare ) 
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I GENERAL CONSIDERATIONS AND HISTORICAL REVIEW 

The historical development of our knowledge concerning the 
clinical recognition of coronary thrombosis forms an interesting 
chapter of modern internal medicine As we shall see, despite the 
fact that the condition is now one that in most cases can be readily 
diagnosed, it is only in very lecent years that its distinctive features 
have been properly understood and differentiated from those that 
pertained to allied but decidedly different morbid states In this 
review no attempt was made to analyze all the previous contributions 
that bear on the present discussion, but rather to pick out some here 
and there that were considered to be significant or helpful m one way 
or another, and which formed the various steps m the development of 
a clinical picture, now quite discrete, but which as recently as twenty 
years ago was entirely unrecognized Incidentally the bulk of our 
knowledge has come through the careful observations of practising 
clinicians together with the usual examinations of their post-mortem 
material rather than by any of the more complicated processes of 
experimental investigation 

For a great many years both clinicians and pathologists were ob- 
serving isolated instances of rupture of the heart, aneurysm of the 
ventricles, occlusion of the coronary arteries and myomalacia Look- 
ing through these records one is struck by the fact that they were 
regarded in the light of interesting pathological processes, but as 
having no great clinical value because they were thought to be im- 
possible of recognition during life In fact, it was not generally 
appreciated that occlusion of the coronary artery could be compatible 
with a fair degree of health It will also become evident from such a 
review that what we all now recognize as cases of acute coronary 
thrombosis were generally regarded as instances of severe angina 
pectoris or status anginosus It is this distinction between attacks 
of angina pectoris and attacks of coronary thrombosis that is a de- 
velopment of the past 15 years or so In fact, our great teachers 
until a few years ago confused these two conditions, merely regarding 
one as a more severe form of the other This was true of Sir Wilham 
Osier I'n his Lumleian Lectures (1) Here, in a discussion of angina 
pectoris, cases were divided into three types, i e , the mildest, mild 
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and severe It seems clear to the reader that amongst the severe 
forms were included cases of coronary thrombosis, and Osier noted the 
frequent findmg of coronary thrombosis with the sequellae of pen- 
cariditis and rupture of the ventricle in the autopsy material of his 
cases There was no indication, however, that a clinical ante-mortem 
differentiation v, as being made between the condition we now recog- 
nize as coronary thrombosis, no matter how mild the pain mav be, 
and angina pectons The same may be said about the writings of 
Sir James Mackenzie, for in his last work on Angina Pectoris, pub- 
lished in 1924 (2), It IS apparent that he had not made clinical diag- 
noses of coronary thrombosis in his practice 
Two other names that are intimately associated with the literature 
on coronary artery disease are Krehl and Huchard The former called 
attention to the possibility of recovery after an attack of coronary 
thrombosis (3) He also discussed the development of aneurysms 
of the ventricle and thought they were a not infrequent cause of 
rupture of the heart As will be shown below, rupture of the ven- 
tricles occurs much more commonly during the early days following 
coronary thrombosis long before there is opportunity for true 
aneurysmal formation He did call attention to the fact that the 
sjTnptoms were much more likely to be severe if the vessels W’ore 
occluded suddenly than when the sclerosis of the coronary artery was 
more diffuse and gradual m its development Huchard in a patho- 
logical analysis of 185 fatal cases of angina pectons (4) called attention 
to the importance of the coronary artery and to the frequency of 
coronary thrombosis, but this type of retrospective study did not 
furnish the clinician wath the critical bedside data which might 
enable him to diagnose the condition during life Dock (5) was one 
of the very first to report an instance of coronary thrombosis diag- 
nosed ante-mortem and proved at autopsy He recognized the impor- 
tance of the pericardial friction rub as an aid in diagnosis At the 
time of his publication one would judge from the account it contains 
tliat the other important features that make up the clinical picture of 
coronary thrombosis were not thoroughly known, at least, it is sur- 
prising that further papers did not appear by the same author to 
emphasize the importance of recognizing this clinical entity 
The first important and satisfactorj account of the clinical features 
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attending attacks of coronary thrombosis was published by Obratzow 
and Straschesko (6) These Russian authors diagnosed correctly 
two of the three cases they published They emphasized a triad of 
symptoms, severe lasting retrosternal pain, dyspnoea and orthopnea, 
and finally gastralgia All three of their cases had precedent angina 
pectoris They called attention to many of the features we now 
recognize as important findings in coronary thrombosis, e g , gallop 
rhythm, Cheyne-Stokes breathmg, pericardial friction, distant heart 
sounds, mural thrombi, pale cyanosis, etc They also noted the 
different climcal and pathological events that might result depending 
upon the size of the coronary artery involved They indicated that 
softening and rupture of the infarcted area might result with hemo- 
pericardium They ascribed the fever that was present in their 
second case to pericarditis and pleuntis It is surprising that after 
such a splendid publication appearing in the German literature, the 
condition was not more qmckly appreciated on the continent, although 
in the following year a similar report of four cases, of which two were 
diagnosed ante-mortem, was published by Hochhaus (7) 

During the past 15 years physicians in America have added much 
to our knowledge concermng this condition We owe a great deal 
to the careful observations and the persistent efforts of Herrick, who 
first really focussed the attention of the American medical profession 
on this disease In 1912 he emphasized the fact that coronary throm- 
bosis was a chmcal entity, could be recognized during life and that it 
need not end fatally (8) Cunously enough this publication did not 
produce the desired effect for it aroused no interest After a lapse of 
five or SIX years further papers appeared by Herrick and his associates 
(9, 10, 11), in which the matter was again taken up In fact, that 
same year Levine and Tranter (12) published a report of two cases of 
coronary thrombosis, one of which was diagnosed ante-mortem, al- 
though at that time they were entirely unaware of Herrick’s previous 
work. During these years it is qiute clear that Libman (13) had been 
familiar with coronary thrombosis as a condition differing from 
ordinary attacks of angina pectoris In 1916, while discussing the 
various kinds of chest pain, he mentioned in passing “the diagnosis of 
a recent thrombosis could often be facilitated by the development of 
a slight temperature, moderate leucocytosis and evidence of a patch 
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of pericarditis, all coming on within a couple of days after the attack 
of severe pain” (14) There were no case records published at this 
time The first to call direct attention to the development of fever 
and leiicocytosis as a part of the picture of coronary thrombosis were 
Levine and Tranter (12) They also pointed out that when the pain 
was locahzed in the epigastnum this association of fever and leucocy to- 
sis together with other features might strongly simulate an acute 
surgical upper abdominal condition One of their two cases was 
operated on by mistake as an acute surgical emergency, and the other 
w as jUst saved from this unnecessary error by proper ante-mortem 
diagnosis Further attention was called shortly afterwards to this 
relation between heart disease, surgical operations and conditions 
that simulated acute surgical emergencies (IS, 16) 

Shortly after these publications an extensive literature appeared 
emphasizing again and again many of the same points that had pre- 
viously been noted Amongst the more important article of a clinical 
nature were those b> Gorham (17), Paullin (18), Levine (19), Long- 
cope (20), Thayer (21), Weam (22), Gordimer (23), Hamman (24), 
Benson (25) and Wolf and White (26) These vanous publications 
served to bring the clinical features that are diagnostic of coronary 
thrombosis before the medical public in this country, so that now as 
Christian (27 ) has stated, it is an easily diagnosablc disease Some of 
the above authors emphasized particular points that lead the way for 
a clearer understanding of the entire subject Gorham (17) pointed 
out the diagnostic importance and frequency of a pericardial friction 
rub, while Wearn (22) besides givnng a very clear description of the 
symptoms and signs of the disease, called attention to a marked 
diminution in the height of the waves m the electrocardiograms m a 
few of his cases Levine (28) brought out the interesting observation 
that those patients who had hypertension and angina pcctons before 
the attack of coronarj thrombosis might become free from anginal 
attacks if recoverj was attended by a permanent and distinct lowering 
of the blood pressure This was found to be true in main of the cases 
that had the most satisfactory type of recoverj' 

Al'hile this extensive literature was appearing in America it is sur- 
prising that It was not until 1925 that this subject of coronao throm- 
bosis as a specific problem began tobe considered in England Allbutt 
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(29), however, many years before bad called attention to the patho- 
logical condition, not from the point of view of climcal recognition, 
but rather in so far as it affected his theory of the aortic origin of 
angina pectoris Mackenzie (2), as has been mentioned above, never 
made the clinical distinction between angina pectoris and coronary 
thrombosis, although he contested Allbutt’s aortic theory and mam- 
tamed the importance of the blood supply of the heart in the mecha- 
nism of the attacks Only in the past two or three yearshaveBntish 
authors become aware of this problem This is shown in the appear- 
ance of several recent publications on this subject by McNee (30), 
Gibson (31), and Parkinson and Bedford (32) The same development 
was going on in France Despite the splendid pathological study of 
Mane (33), in which the post-mortem changes of coronary thrombosis 
were well described, no clear association of this process with a definite 
clinical symptomatology was appreciated until many years later 
Recently publications have appeared from that country dealing with 
the clinical aspects of the disease similar to those in other countries 
(34, 35, 36) 

A most important and helpful advance in the clinical recogni- 
tion of coronary thrombosis came about m this country when 
certain electrocardiographic changes were found to be fairly char- 
acteristic of the acute stages of this condition This work was the 
development of some experimental observations in dogs done by Smith 
while he was associated vnth Herrick who at this time was making 
some similar clinical observations Smith (37, 38) noted sharp 
inversion of the T wave of the electrocardiogram in dogs shortly after 
the coronary artenes were ligated At about this time Herrick (11) 
published an account of the first case of coronary thrombosis which 
was proved by post-mortem examination, with electrocardiograms 
showing sharp inversion of the T waves in leads one and two, which 
were not unhke those obtained by Smith in his ligation experiments 
He also noted that the T waves were less negative 10 days later, and in 
five months the tracings showed curves of low amplitude At this 
time the more characteristic changes that are found in human electro- 
cardiograms during the first few days after an attack of coronary 
thrombosis were not fully appreciated but the above work served as a 
forerunner of the contributions that followed 
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The discovery by Pardee (37) that during the early days following 
an attack of coronary thrombosis there are fairly charactenstic changes 
in the electrocardiograms has proved to be a most valuable addition 
to our methods of diagnosis As will be seen m some of our case 
histones, there are instances in which this electrocardiographic sign 
may be the single definite evidence that distinguishes the condition 
and that differentiates it from other entirely unrelated possibilities 
like gall stones or gastnc ulcer These changes were described as 
consisting of a high take-off of the T wave from the descending limb of 
the R wave This alteration does away ivith the customary iso- 
electric interval that normally is found between the R and T waves 
It was also noted that the T wave goes through rapid changes during 
subsequent days after the attack and may become sharply inverted 
This publication was soon followed by others which confirmed and 
somewhat elaborated the electrocardiographic evidence of coronary 
artery disease (40, 41, 42, 43, 44, 45, 46, 47) One of these (44) is 
worthy of particular attention because the authors found the charac- 
teristic changes in the R-T interval as soon as siv and one-half hours 
after the onset of the attack 

It IS the purpose of this paper to review the various clinical features 
of coronarj thrombosis including the electrocardiographic changes, 
rehearsing the typical events of acute attacks w Inch now are quite well 
established, discussing certain atypical forms and complications, and 
finally considenng the therapeutic problems involved, for very little 
has been written in the past about therapy 

The data upon which this study is based includes 145 cases, slightly 
less than half of which were seen at the Peter Bent Bngham Hospital, 
and the others m pruate consultation practice Some of the cases 
w ere previously reported for other purposes, first (12) to call attention 
to the group that resemble acute surgical conditions of the abdomen, 
secondly (19) to present the clinical features of the t>’pical acute 
attack, and thirdl> (28) to emphasirc the fact that satisfactorj re- 
covery from such a condition may take place There have been 
numerous additional data that have come to light more recently' that 
made it valuable to collect all our information and thereby to make a 
more complete review of the entire subject Only cases that have 
been proved by autopsy or that have been so clear cut that little 
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doubt can exist as to the accuracy of the diagnosis have beenincluded 
in this study In most of the fatal cases, accurate ante-mortem diag- 
noses were made 

n ETIOLOGICAL EACTORS 

There is no one specific disease that is a frequent percursor or that 
is in any intimate way a causative factor m the production of coronary 
sclerosis and thrombosis The common infectious diseases seem to 
play no role whatever, in fact the contrary is nearer the truth, i e , 
these patients have had very few of the common illnesses Further- 
more, there is no evidence whatever pointing to any close relationship 
between foci of infection and coronary disease It has often been sug- 
gested that the actual acute thrombosis of the coronary artery may be 
precipitated by an acute infection but we find no reliable evidence to 
substantiate this view The fever and leucocytosis that is associated 
with coronary thrombosis as we shall point out later, follows rather 
than precedes the attack 

a. ReJaUon to angina pectons 

It IS generally true that coronary thrombosis is the end result of 
previous angina pectoris In this sense many considerations that 
pertain to the one also hold for the other condition Often the 
patient, and even the physician, is unaware of the previous existence 
of angina pectoris, for the complaint may have seemed trivial and of 
insufficient importance to call for any attention In many of the 
cases where the attack of coronary thrombosis seemed to have been the 
first indication of any existing heart disease, we have found by close 
questioning that for some months or years there was definite con- 
striction in the chest on hurrying, or some other significant complaints 
Some cases were too sick to permit obtaining an accurate history, but 
on the whole it is safe to say that the great majority of patients had 
definite angina pectoris antedating the attack There were, however, 
a much smaller number in whom no such history could be obtained 
even after the most careful inquiry In fact, some would have been 
considered to be in perfectly normal health in every way until this 
most serious spell occurred In these, after recovery has occurred, 
angina may be present, i e , an attack of coronary thrombosis may 
initiate a t5q)ical course of angina pectoris 
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b Dtabelcs 

A condition that is intimately related to arterial disease and which 
has a most important beanng on the development of coronary throm- 
bosis IS diabetes In an earlier article (19) it was pomted out that 
about 7 per cent of patients with angina pectoris had previous tv ell 
defined diabetes In this group of 145 cases there were 34 or 23 7 
per cent in whom glycosuria was found, or where it was definitely 
known that diabetes had existed previously 

These figures are only approximate, as in eight of the cases a slight 
amount of sugar was present in the urine as a transient phenomenon 
during the early days of the attack In others this amount, although 
readily disappearing during convalescence without an> particular 
treatment for diabetes, was quite considerable, reaching as much as 
2 per cent In some instances, it was definitely known that the 
patients had had diabetes for years but had controlled the glycosuria 
by dietary measures and during the attack of coronary thrombosis 
showed no sugar in the unne or only slight traces It seems likely, 
however, that the attack of coronary thrombosis, possibly because of 
the great pain and fear that accompanies it, produces by itself a 
glycosuna that need not be indicative of diabetes, as a fair number of 
patients gave no evidence of diabetes upon recovery, although they 
showed a distinct glycosuria during the attack Notwithstanding 
these diverging factors, it has been striking to find so many diabetics 
in this group, and we feel that among the distinct disease entities that 
are etiologically related to coronary thrombosis, diabetes is second in 
importance only to a previously existing hypertension 

The presence of sugar in the urine or a previous history of chabetes 
did not alter the age at which coronary thrombosis occurred The 
averageageof thediabcticgroupwasSS 1 } cars, and that of the entire 
senes was 57 8 years It might have been suspected that a group of 
ihabetics would develop coronary disease earlier in life than non- 
diabetics, but that was not so It must be appreciated, however, 
that the type of diabetes included here really comprises the mild form 
occurring in Uic second half of life Diabetes, moreov or, on!} slightly 
affected the prognosis, for 67 out of 143 of the entire series were 
known to recover from the immediate effects of the attack, or 46 8 


254 


SAMUEL A, LEVINE AND CHARLES L. BROWN 


per cent, with a mortality of 53 2 per cent, whereas the immediate 
mortality of the diabetic group was 58 8 per cent There was a larger 
proportion of females in the diabetic group than in the non-diabetic 
Of the 34 diabetics, 12, or more than one-third, were females, 
whereas of the 111 non-diabetics, only 22 were females, or one-fifth. 

The relationship between diabetes and coronary disease needs 
particular emphasis Since the great improvement in the treatment 
of diabetes that followed the discovery of insulin, new problems in 
the care of diabetics have arisen The incidence of fatal diabetic 
coma has diminished strikingly, surgical complications are more 
readily cared for, and possibly because diabetics are now able to live 
longer than previously, the problem of vascular disease m diabetes, 
which can only develop over a span of years, has proportionately 
grown tremendously Fitz and Murphy (48) very recently called 
attention to the great frequency with which diabetics died of vascular 
disease This is particularly true of diabetic patients over 35 or 
40 years old, at an age when the diabetes is not particularly severe 
In the care of such patients the problem of angina pectoris often 
becomes of much greater importance than that of diabetes, and proper 
treatment must be essentially directed with this point of view m 
imnd The fact that the presence of diabetes did not alter the prog- 
nosis of the attacks of coronary thrombosis nor the age at which they 
occurred, leads one to feel that it had no causative influence in the 
disease of the coronary arteries but merely indicated the type of 
person who had a vulnerable vascular system 

c Hypertension and, artenosclei osis 

A previously existing hypertension is probably the most common 
single etiological factor in the development of coronary thrombosis 
Here, as well as in some other considerations, exact data are difiicult 
to obtain In many instances the patient did not know whether he 
had a previous hypertension Often, although they were entirely 
S3Tnptom free, it was discovered that at some earher time, such 
as during an insurance examination, the blood pressure was elevated 
In other cases, although at the time of the attack the blood pressure 
readings were normal or low, as a result of finding well marked evidence 
of retinal sclerosis, it was quite evident that a previous hypertension 
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had existed Tmally in some patients hypertension developed a few 
days or a week after the onset of the attack which indicated that it had 
been present before but had temporarily fallen There were, how- 
ever, a sufEcient number of patients, iti whom it was known that at 
no time had there been an elevated blood pressure, to make it clear 
that hypertension is not an absolute prerequisite 
In this series, 58 patients were known to have had hypertension 
This included all cases with a systolic reading of 160 or over, or a 
diastolic pressure of over 100 The average pressure of this group 
was 191 mm systolic and 110 mm diastolic The average age of 
this group was 58 5 years, which is essentially the same as that of the 
entire series There vere 39 males and 19 females, indicating a 
distinctly larger proportion of females than in the w hole group ( 1 1 1 to 
34) The inference from this is that a previous hypertension is more 
apt to be found in the female cases than in the male and that it is 
comparatively more rare to find a woman with a known antecedent 
normal pressure than a man Hypertension did not affect the imme- 
diate prognosis, as of the 58 in this group 28 were known to have 
recovered and 29 died (In one case the outcome was not known ) 
This is possibly slightly better than the average of the entire series 
It was definitely known that only six patients had blood pressure 
readings within normal limits previous to the attack of coronary 
thrombosis No doubt some of the others in the unknown group had 
normal readings Of course, all of the latter group, and most of the 
hypertensive group, had normal or low readings after the onset of the 
attack Many patients with normal blood pressures showed retinal 
sclerosis of a sufficiently well marked degree to indicate that aprevious 
hjpertension had existed The changes in blood pressure that 
occurred with the attack will be taken up below, but at this time it 
inaj be pointed out that a distinct hypertension existed as a fore- 
runner of coronar> thrombosis m the majority of cases 
Inasmuch as coronary thrombosis is essentially a disease of the 
arteries, it is a matter of some moment as to what evidence there is of 
sclerosis in other parts of the artcnalsj stem Noaccuratcestimatcof 
radial or brachial sclerosis was made in this sludj because of thediffi- 
cultyofinterpreting vanations fromthcnormal Considenngthatthe 
axerage age of this group is 5Y 8 years, penpheral artcnal sccrlosis 
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of some degree can be regarded as normal In general it was found 
that most of the patients showed some sclerosis of the radial, brachial 
and temporal arteries, some of an unusual degree, but a moderate 
number only to a slight degree There were others in whom no 
sclerosis could be made out The frequent finding of h)^pertension, 
however, indicated that small blood vessel sclerosis was going on in 
most of these patients Other evidences of arterial disease was the 
common history of mtermittent claudication that appeared in these 
patients, and the occasional occurrence of hemiplegia, and the like 
Although disease of the coronary arteries is often only a part of 
generalized arteriosclerosis, there are large numbers of individuals in 
whom very little evidence of arterial disease can be found an}^here 
in the body, except for this one important focus 

d SypJnhs 

Syphilis is rarely an underl 3 nng factor in the causation of coronary 
thrombosis In only three of the 89 cases in which a Wassermann 
test was done was the reaction positive, and in one other, although the 
Wassermann was negative, a definite history of a primary infection 
was obtained This would indicate that 4 5 per cent of the patients 
were sjqihilitic It does not follow that even in these syphilis had a 
direct causative influence in the coronary thrombosis That it was 
so of the patient aged 36 who was the youngest in the senes seems 
hkely, but it may well be true that in the others the luetic feature was 
incidental The average age of the three who had a positive Wasser- 
mann was 45 years, which is 13 years less than the general average 
Certainly it may be stated that syphilis is not a common cause of 
coronary thrombosis, and when it is the disease can develop at a some- 
what earlier age than the general average There is no evidence from 
this small group that syphilis alters the prognosis, for two of the four 
cases recovered and the other two died 

e Other diseases 

Rheumatic infections, which are the most common specific cause of 
serious heart disease, are of no importance in the condition here con- 
sidered Only three patients of the series had a past history of 
rheumatic fever and those attacks occurred 33, 49 and 60 years before 
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death from infarct of the heart Post-mortem examination in iiicli 
case shoried no disease of the valves, and m no v/ay did it (>( i m that 
this prevaous rheumatic infection had any causativerclationiiliij) to tin 
coronarj' thrombosis that was found In fact it may Ik ^ iid lliat not 
onlj' do patients suffering from coronary dicca'c have no history of 
rheumatic fever, but that those having rheumatic heart dir'iiM’ hut 
rare!} shov- coronarj disease' This probably is true cvrii of (ho//* 
V ounger rheumatic patients having aortic insuffincnty vrho may ha /f 
attacks of angma pectons 

It IS apparent that those conditions which prc/Ji'iiosc th' indi /idu il 
to earlv arterial disease might be of some imjiortana, in tbt ' / 

01 coronarv thrombosis It is, the-cforc, ni'jjn' n/ tb it a hrWry of 
gout ’^as loand in only one case It i- bhefy that if that f<u,U>r h ul 
been investigated more cnticzUj otner i'-'-tH’ic/iC vojl'l bao O'/O 
found. Inaseiesof I 03 patfeot 5 vnthan 2 'i.'! 3 iK/A 7 '"s'' 5 C/;,fi/' wc'e 
fcao-mtona ehaego-t. Tcisfsorfotr''e£iirithej/'e'/'ito'./','irf o i 
bsczLS-2 tee eilo.opczl factors o' eszirja. petto-rf^ and o' 
throm&osis are pmbably mm the sar-e - 
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sports or in their ordinary work, and when they have not they were 
apt to feel that they had more than the average physical strength 
even if they were not accustomed to use it To be sure, etiological 
considerations in general do not apply with as equal force, when dis- 
cussing degenerative vascular disease in elderly patients such as those 
over 70 as in younger ones For in old age it would not be surprising 
that a thin patient with no striking family history of vascular disease 
and no antecedent diabetic state should develop coronary thrombosis 
It is more logical to conclude that just because of the absence of the 
predisposing causes, the degenerative process in the arteries which is 
going on insidiously in all of us was so long delayed. No accurate 
figures were obtained in this study as to the exact frequency of a 
family history of coronary or vascular disease This would reqmre 
a painstaking inquiry into all the details of longevity and diseases of 
the relatives of the patients, which was not done Suffice it to note 
that after a considerable experience with this condition it is amazing 
how frequently one finds various members of the same family suffering 
from early vascular hypertension or coronary disease One of us has 
personally seen two of three brothers, all three of whom died of cor- 
onary thrombosis at about the age of 55 
In considering the effect of physical work on the development of 
coronary thrombosis, it seems almost impossible to obtain accurate 
data We are at present dependent on general impressions There 
are certain features which indicate that physical effort is conducive 
to early disease of the coronary arteries Many of the patients in this 

group were muscular and strong and had done hard physical work 
either in their occupations or at play We all know that the minor 
attacks of the precedent angina are generally precipitated by effort 
We have been impressed by the fact that athletes seem to succumb to 
vascular disease at surprisingly early years of adult life These are 
general reflections despite the abundant evidence recently obtained 
which shows that there are no immediate harmful effects on the heart 
from violent effort The question may be regarded in the hght of a 
mechanical engine which cannot detenorate through disuse (for the 
heart is always contracting anyway) but the life of which will be shorter 
the more it is used This is not unlike the general conclusion Raymond 
Pearl came to in studying frmt flies when he stated that “m general, 
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the duration of life varies inversely as the rate of energy expenditure 
dunng Its continuance” Concerning mental tension, here again 
accurate data are lacking but it is our impression it is only of minor 
importance in coronarj disease 

The body -weight of patients is of some importance in considering 
etiologic factors It has been quite striking to us that coronary 
thrombosis does not commonly occur in thin individuals After the 
age of 40 it is non ivell known that vascular disease of one kind or 
another is the most frequent cause of death, and in this connection 
disease of the coronary artenes plays no insignificant role Recently 
(49) It has been shown by statistics compiled by insurance companies 
that those who are accepted as normal risks at the ages of 40 or over, 
who are 20 to 40 per cent over weight have an increased mortality of 
30 to 80 per cent respectively m the following decades A likely 
deduction from this, and one that has not at all been sufficiently em- 
phasized, IS that if the above is true, and these data are ample and 
reliable, then those who are under weight and well at 40 probably 
have even a bettor expectancy than the average normal Ihis 
again, would fit in with the clinical impression that whereas vascular 
disease of one kind or another is by far the most common cause of 
death m people over 40, and thin people are less apt to dev elop vascu- 
lar disease, the thin have a decided advantage from the point of view 
of longevity 

g 4gc and sex 

Coronary thrombosis occurs with greatest frequency, as one would 
expect, during the latter years of life The average age of the entire 
145 cases in this senes was 57 8 years Tlie largest number of cases, 
however, occurred in the seventli decade between the ages of 60 and 
69 There were 55 such cases, while there were 44 occurring in the 
previous decade between the ages of 50 and 59 years This means 
that 99 or 68 3 per cent were included in these two decades There 
were only three cases in patients under 40 years and oidj one, 80 
years or older There are very rare instances of coronary thrombosis 
occurring m individuals under 30 One would have reason to suspect 
syphilis as the etiological factor when the disease occurs m such early 
years The average age of the males was 57 4 years, whereas that 
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of the females was 59 2 We see that the age range covers a long 
period, from middle adult life to old age 


Age distnbulwn 


DECADES i 

MJMBER or CASES 

30-39 

3 

40-49 

29 

50-59 

44 

60-69 

55 

70-79 

13 

80 plus 

1 

Total 

145 


The sex distribution of the incidence of this disease is most striking 
There were 111 males and 34 females, a ratio of almost three and one- 
half to one This is particularly impressive when one appreciates 
that essential hypertension, which is a frequent precursor of coronary 
thrombosis, occurs more commonly in women than in men It is 
difficult to explain the great frequency of coronary disease in the male 
One might ascribe it to the greater amount of physical work that men 
do, although some might question this and maintain that the humble 
housewife does just as much work in her home as the men do at their 
respective occupations Another factor that may be mentioned is 
the possible role of tobacco There is considerable difference of 
opinion as to whether tobacco has any deleterious effect on the heart 
and particularly whether it is responsible in any way for the develop- 
ment of coronary disease At present no satisfactory answer to this 
question is available, but certainly the consumption of tobacco has 
been in the past almost entirely confined to men and has been one of 
the few acquired differences in habit between the two sexes It is 
therefore logical to suspect this habit of playing some possible role 
in producing such a male predominance m susceptibility to this 
disease A more definite answer may be apparent before long if the 
coming generation of women continue the smoking habit that seems 
to have become so general A final consideration m the predominance 
of males is linked up with the general physique and strength of the 
males as contrasted to the females The former are stronger and are 
more apt to use that strength m sports apart from their work The 
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development of coronary disease may be related to this factor in a 
manner similar to that discussed in the previous section 

m TltE SYMPTOMS AND SIGNS OR CORONARY THROMBOSIS 

a The lyptcal chnical picture and its pathological background 

The events that occur when a patient is stneken with an attack of 
coronary thrombosis have only recently been emphasized The 
clinical picture was not described in current text books of medicine 
until the last few years It is, therefore, appropriate at this point to 
rehearse the symptoms and findings of a typical attack before taking 
up those features that are less constant but none the less important 
The patient generally has had a previous story of angina pectons 
This may have manifested itself m its characteristic form and have 
led him to seek medical advice Frequently, bon ever, the complaints 
were regarded lightly by the patient so that no attention at all was 
paid to them or they w ere misinterpreted by the physiaan because 
of lack of knowledge of this disease In many instances where 
coronary thrombosis existed and was supposed to have occurred as 
the first indication of any disease of the coronary artenes we were 
able to uncover, by appropriate questioning, a definite history of 
angina pectons that antedated the attack of thrombosis by months 
or years Rarely, however, it was impossible to elicit any evidence 
whatever of serious disease of the cardiovascular apparatus preceding 
such an attack (see cases 54, 104 and 107) 

The attack of coronary thrombosis, unlike the typical anginal 
attack, often is not precipitated by effort It frequently occurs 
during rest, while sitting quicth m a chair at a dinner table or during 
sleep To be sure, ordinary or more unusual effort is also often found 
to be a precipitating factor When the attack takes place the patient 
IS generally quickly aware that something terrible is happening If 
he prenously experienced anginal attacks he know s that this is differ- 
ent from anything that he formerly has had, or if a patient recov ers 
from one or more attacks of coronary thrombosis he well recalls these 
spells and the \ery dates when they occurred 
From the moment the attack has begun until a period of sticral 
weeks has elapsed, death mav occur at any time as a result of a great 
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extent of the heart muscle involved The fever and leucocytosis 
gradually disappear after several days and in some instances the 
patient looks and feels perfectly well Even under such apparently 
favorable circumstances, the outlook may yet be grave as death can 
come very suddenly 

In order clearly to understand the events that are taking place, it 
is essential at this point briefly to recall the pathological changes that 
are gding on in the heart That portion of the ventricles which was 
supplied by the thrombosed coronary artery (it is almost always the 
descending branch of the left coronary) has become infarcted The 
process of necrosis may extend outward and involve the pericardium 
If this happens, and if it occurs over the anterior portion of the heart, 
a pericardial friction sound may be heard If it involves the inter- 
ventricular septum or the lower or posterior part of the ventricle, 
even if a localized pericarditis develops, no friction rub need be 
audible When the septum is involved, various degrees of heart block 
may result from the injury to the conduction tissue Likewise the 
degenerative changes may progress towards the endocardium If 
this occurs a local mural thrombus forms which sometimes reaches a 
considerable size The ventricular wall that is infarcted manifests 
the customary changes seen in injured tissue Inasmuch as the 
coronary arteries are not end arteries, an attempt at repair is made by 
anastomosis and new blood vessel formation The necrotic tissue 
may soften and some days after the onset, rupture of the heart may 
occur with instant death This was found to be the cause of death in 
nine of the 46 cases that came to autopsy In these instances an 
actual tear was found in the heart, and the pericardial cavity was filled 
with blood When the reparative process is sufficient, firm scar tissue 
replaces the necrotic area and recovery may be complete In other 
instances, although healing takes place, it is accompanied by a 
weakening of the part of the wall involved, and a localized aneurysm 
of the ventricle results (cases 16, 28 and 50) Finally, from the 
mural thrombus that formed within the cavity of the ventricle, not 
infrequently bits of emboli may become free and lodge in distal blood 
vessels This is apt to occur after the first week and accounts for 
instances of sudden hemiplegia (case 74) or infarcts of the kidney 
(case 39), spleen (case 13) and limbs (case 136) From the above it 
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follows that there are a train of complications that may arise, all of 
which owe their origin directly to the infarction of the heart 

In an uncomplicated case after the pain has subsided the patient 
remains weak, but an uneventful recovery takes place The tem- 
perature and leucocytosis graduallj disappear after a \ anable number 
of days The pulse slowly returns to a normal rate and the blood 
pressure, w'hich had fallen with the attack, frequently remains low 
permanently, although it nses somewhat from the extreme levels that 
obtained during the early days In others the blood pressure again 
becomes elevated The vanous types of irregularities of the heart 
which will be discussed later, all disappear as well as the evidence of 
slight circulatory congestion, such as riles in the lungs and tcndeniess 
of the liver The time for the apparently normal state to be resumed 
vanes in different patients from a day or two to a few weeks, depend- 
ing on the severity of the injury 

At any time after the onset a great variety of complications ma> 
develop of which a more detailed discussion w ill be taken up below 
Whereas very little in the nature of treatment is necessary for those 
patients whose course is simple, much will depend on the proper 
recognition of the complications and the intelligent treatment of them 
It must also be borne in mind that although most of the cases do not 
present the picture that is generally seen in serious congestive heart 
failure, i e , marked pitting oedema of the legs, ascites, hydrothorax, 
etc , yet some of the atypical cases have these signs and need treat- 
ment directed at them 

1 he physical signs that arc present arc in most cases of no particular 
significance, except for the general appearance of the patient, and this 
IS of great importance He presents the picture of agitation and shock 
He gi\ cs evidence of extreme pain and apprehension The skin is 
cold, moist, p lie and has a peculiar ashen appearance There may be 
slight or marked cyanosis of the skin and lips He is apt to be restless 
and even thrash around seeking relief Sometimes the pain is so 
extreme that the patient will actuallj be tearing the flesh of his chest 
in the attempt to drag out the demon that is crushing him 

On examination, the heart beat w illbc found so weak that no visible 
or palpable apex impulse can be felt m the majority of cases In 
some the apex beat will be made out definitclj, and it is then apt to 
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be found beyond the left nipple line The rhythm of the heart will 
be dominantly regular in practically all the cases, although after the 
onset of the attack almost any type of irregularity may come and go, 
This question will be discussed in greater detail later In almost 
half of the cases a slight or moderately loud systolic murmur can be 
heard, and very rarely an aortic diastolic murmur This latter find- 
ing was present in only one case of this entire series and he had aortic 
stenosis and insufficiency There was not a single instance of mitral 
stenosis in this group ^ In about one-half of the cases no murmur 
whatever could be heard 

A point in the heart examination that is much more important than 
the presence or absence of murmurs is the quality of the heart sounds 
The sounds are almost always muffled or distant This is particularly 
true of the first heart sound at the apex On several occasions it was 
actually found absent, while a distinct second sound could be heard 
Occasionally neither heart sounds can be heard over the precordium, 
though when this is true it is apt to be due to the noisy breath sounds 
that overshadow the heart sounds The significant change is the 
muffling of the sounds, but particularly of the first heart sound In 
addition the rhythm may have a peculiar foetal quality, and what is 
still more important is the great frequency of a gallop rhythm This 
is present in the majority of cases and comes with the acceleration in 
heart rate It practically always disappears if a satisfactory recovery 
takes place, and the heart slows down to normal This gallop is not 
necessarily due to a delay in the conduction of beats from auricles to 
ventricles, although such disturbance in conduction does at times 
occur Further exaimnation of the heart may show a pericardial 
friction rub A distinct pulsus alternans is another frequent finding 
This may be made out by palpating the radial pulse, while taking the 
blood pressure, or occasionally on auscultation of the heart In 
many cases some enlargement of the heart can be made out by per- 
cussion while in others the size will be found normal One can see 
that of the above fi.ndings the evidence of hypertrophy and the 
presence of a systolic murmur are of little importance as they are 
insufficiently distinctive, whereas the extreme muffling of the heart 
sounds, the gallop rhythm, the pulsus alternans, and the pericardial 
friction rub are of considerable aid in diagnosis 
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The abdomen not infrequently presents some significant features 
The liver may become enlarged and tender With this, or possibly 
independently of it, the upper abdomen may be quite rigid There 
IS occasionally a distinct icteric tint to the sclerae due to the acute 
hepatic engorgement These features, together with the temperature 
and leucocytosis, and occasional vomiting, make one think that the 
condition is due to gall bladder disease A further point in the 
evamination is the presence of rales m the lungs In almost all cases 
that have been studied rales were present at one or both bases of the 
lungs In the milder cases they may be few in number, but m the 
more severe the riles can be generalized The findings of localized 
rales, pain in the chest, cough, fever and leucocytosis, are so much 
like what are found in pneumonia that this diagnosis is wronglj made 
in some cases (cases 29 and 43) 

At the beginning of the attack oedema of the legs is entirely absent 
and except for a few cases who develop evidence of generalized con- 
gestive heart failure, pitting oedema does not appear 1 ho same is 
true of free fluid in the abdomen or chest But those signs are to be 
watched for, as they alter both the prognosis and the treatment 
Furthermore, there is a small number of instances in which pain is 
entirely lacking during an attack of acute coronary thrombosis 
(case 1) In such cases the entire complaint may be sudden dyspnea, 
either constant or in the form of attacks, with varying evidence of 
congestion of the lungs from a moderate number of riles at the bases 
to fulminating pulmonary oedema (cases 34, 46) With this there is 
apt to be a sense of e.\trcme weakness or even unconsciousness 
It IS m these atypical cases that tlic diagnosis will be difficult, and 
may depend on discovering one of the critical signs, such as a peri- 
cardial friction sound, an unusually low blood pressure, especially if 
there is reason to believe that hypertension previously existed, or 
changes in the electrocardiogram, which we will sec later on may be 
considered significant It is also important to try to uncover a 
prexious history of angina pectons, for if this has been present, a 
slight temperature and leucocytosis coming on after an increase in 
dyspnoea, or an attack of weakness, together with minor changes 
in the quality of the sounds, or rhythm of the heart, may lead to the 
proper diagnosis of coronary thrombosis 
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Apart from the differences in pathological physiology that might 
explain why certam chnical features are lacking in some cases of 
coronary thrombosis, it must be borne in mind that even an acute 
attack, otherunse typical, may run its course without shomng many 
of the customary changes that one expects For example, one patient 
who was observed carefully from the onset never developed a heart 
rate faster than 62 although the temperature rose to 100 2° on the 
second day (case 123) The rectal temperature in this case six hours 
after the onset was 96 6° In another case that was autopsied the 
blood pressure remained elevated in the vicinity of 160 mm systolic 
until the day the patient died A third had such mild symptoms that 
two days after the onset, not knowing what was going on, he attended 
to some of his practice as a physician while having transient auricular 
fibrillation and a fever of 100°F (case 89) Furthermore, although 
severe pam in the chest is probably the most important feature of 
coronary thrombosis, it ma}^ be entirely absent In such cases, very 
marked dyspnea, out of proportion to other evidences of circulatory 
insufficiency, is apt to be the dominating feature In others, the 
climcal picture may be entirely one of acute pulmonary oedema 

d Char act e) and dislnhnUon of pain 

The pain is variously described by different patients To some it 
will be a terrible pressure or load “like a ton of bricks hitting the 
chest,” or “a death clutch in the chest or throat ” To others it will 
feel as if the chest wmre in a \ase Some cannot describe the pain and 
merely say “it was just an avful pain ” The pain is generally most 
severe at tlie onset and in the course of several hours or days it 
gradually disappears After this in some cases there is no pain 
whatever, while in others there remains a imld ache in the center of the 
chest In other patients the pam is not constant but rather lasts a 
few hours, then lets up, only to return and continue interruptedly for 
a few days With the development of pericarditis there need be no 
additional pain. Generally at this time the severe pain has already 
disappeared, or if there remains the dull ache, it is not particularly 
altered w^hen the pericardial fraction rub is heard The pain radiates 
similarly to the pain in angma Very frequently there is an uncom- 
fortable ache in the arms, more often in the left arm It often extends 
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directly through the chest to the back or up towards the neck and 
jaws, sometimes produang a clutching sensation in the throat The 
most frequent site for the pain is between the two nipples but almost 
any portion of the chest from the epigastrium up may be involved 
The pain does not let up in a few minutes as it generally does with 
an anginal attack, but on the contrary lasts hours or even days 
Relief IS not obtained by the use of nitntes and with the very severe 
attacks even large does of morphine given subcutaneously may give 
only slight relief The agony may be so extreme that the patient 
will be tearing his flesh in an attempt to get relief and crying for death 
to end his misery In other instances, the pain is less severe and 
IS associated with a feeling of a lump under the breast bone which if it 
could be expelled would end the attack Often they are so agitated 
that they cannot he down or be quiet, but prefer to pace the floor or 
thrash about There are occasional cases in xvhich the pain can hardly 
be described as severe It may merely consist of a dull ache or an un- 
comfortable gnawing sensation m the chest that does not prevent the 
patient from continuing his work (case 89) 

c Atypical features of coronary thrombosis 
In the foregoing account have been detailed the typical events that 
follow an acute attack of coronary thrombosis winch occurs in a patient 
who generally has prcMously had angina pectoris When coronary 
thrombosis develops in a patient who is already suffering from myocar- 
dial insufficiency, the picture that presents itself is not as striking, or at 
least may lack many of tlie features that characterize the typical acute 
attack It IS xery likely that some of the characteristics of the acute 
form may be lacking when tlirombosis of the coronary arteries takes 
place slowly, or when cardiac infarction develops as a result of 
gradual narrowing of the coronary arteries without any true throm- 
bosis (cases 58 and 59) In general, it might be said that the acute- 
ness of the symptoms and even the ty'pe of symptoms will depend 
m a great measure on the rapidity of the mechanical occlusion of the 
coronary arteries Weam (50, 51) in his most important w ork on the 
Thebesian vessels has shown how such channels may maintain a very 
extensive circulation through the heart and has thereby explained how 
hearts in which both coronary arteries were completely occluded 
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could function satisfactorily No doubt in such instances the occlu- 
sion must have been gradual, thereby allowing proper adjustments to 
take place in the Thebesian system 

It is not at all uncommon to find at autopsy infarction of the heart, 
even with ventricular mural thrombi, without an actual occlusion of 
the coronary arteries, merely as a result of gradual narrowing of the 
vessels (cases 58 and 59) This was true especially in cases of so-called 
cardio-renal disease which showed evidence of progressive congestive 
heart failure Such cases may have had at no time any acute episode 
to indicate either an attack of coronary thrombosis or cardiac infarc- 
tion The diagnosis in these cases is quite difi&cult but by no means 
impossible to make One or more of the various findings pointing to 
cardiac infarction may be present even in the absence of any attack of 
pain and without any fall in the blood pressure In one instance 
(case 6) angina pectoris was known to have been present for some years 
and then to have given way to dyspnea and signs of congestive failure 
The blood pressure was 160 mm systolic and 100 mm diastolic 
throughout the illness, but the heart sounds were very distant and 
the electrocardiograms showed curves of extremely low amplitude 
Autopsy showed coronary thrombosis, an old infarct of the left ven- 
tricle and a ventricular mural thrombus 

Occasionally there is very little to help in making a proper diagnosis 
(case 38) In this case there was hypertension, cardiac enlargement 
and circulatory insufficiency The urine contained a large amount 
of albumin The patient grew weaker, more dyspneic and died, the 
blood pressure remaining elevated throughout Autopsy showed 
an infarct of the left ventricle with a mural thrombus The coronary 
arteries, although thickened and somewhat narrowed, were patent 
Here the ante-mortem diagnosis was impossible with the available data. 
There are instances where the development of a peripheral embolus 
first arrests attention to a left ventricular mural thrombus from 


which an embolus could be dislodged and thereby leads to a proper 
diagnosis (case 20) When a sudden hemiplegia occurs in a patient 
whose blood pressure is not remarkably elevated the diagnosis of cere- 
bral hemorrhage is too often made In some cases of this type the 
hemiplegia is due to an embolus and not to a hemorrhage and more 
careful search for other data pointing to coronary thrombosis should 
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be made In case 20 the hemiplegia and the electrocardiograms 
enabled us to make a proper ante-mortem diagnosis 

d Type stmulalmg an acttle surgical abdomen 

Among patients suffenng from acute coronarj' thrombosis, there is 
a small group, but none the less an important one, in which the diagno- 
sis IS particularly difficult This refers to those patients who pre- 
sent the picture of an acute surgical abdomen Some years ago (12) 
attention was called to this differential diagnosis after two such 
patients w ere observed Since then other similar patients have been 
seen, and it is now felt that the proper differentiation in most instances 
can and should be made (cases 3, 26, 31, 44, 78, 127 and 145) Num- 
erous publications have appeared emphasizing the apparent similanty 
of some of the symptoms in coronary thrombosis and perforated peptic 
ulcer or gall stones (52,53, 54, 55, 56, 57) 

It must be appreciated that although often a history quite typical of 
angina pectonspreccdes the attack of coronarj' thrombosis occasionally 
no such warnings arc present, and the very first indication of any sen- 
ous trouble is the fulminating attack of pain Moreover, this pain 
can be entirely confined to the upper abdomen or at least maybe local- 
ized there during the first 12 hours or so In this case vomiting is not 
at all rare, and in addition there can be jaundice, marked rigidity, 
and tenderness in the epigastrium and m the right upper quadrant 
r urthermore, as we shall see, fever and leucocylosis frequently occur 
When all the above findings arc present in the same patient it may be 
difficult to avoid making the diagnosis of gall stone colic, ruptured 
gastro duodenal ulcer, acute pancreatitis, acute appendicitis, or acute 
intestinal obstruction All of the diagnoses mentioned above, which 
w ould demand an axploratory laparotomy, hav e been made on v anous 
patients that w e hav e seen In fact, the first time that this differential 
diagnosis presented itself (case44) the patient wasoperated onimmc- 
diatclj , and died on the operating table It w as only after the post- 
mortem examination was done that the true underlying cause was 
discovered, which proved to be a thrombosis of a coronary artery 
It follow s that a patient w ith coronarj thrombosis ma> hav c excruciat- 
ing pain in the abdomen, marked ngidit> and tenderness m the upper 
abdomen, nausea, vomiting, slight jaundice, fever and Icucocj tosis. 
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and yet have no surgical lesion Under such circumstances, every 
feature of the entire problem that may throw any light on the proper 
diagnosis will be important It may be the marked muffling of the 
heart sounds, or the presence of a gallop rhythm, an alternating pulse, 
a pericardial friction sound, or a previous history of “indigestion” on 
effort that will direct the attention of the physician to the coronary 
arteries In fact, minor considerations like the family history, or 
the general vigorous physique of the individual may be helpful in 
diagnosis 

Finally, when the possibility of coronary thrombosis is considered 
and electrocardiograms are obtainable, most valuable information 
rmght be had from such tracings At times changes occur in the elec- 
trocardiograms that are so characteristic that no other data whatever 
would be necessary to make a positive diagnosis In one such instance 
(case 26) the laboratory technician, who is not a physician, made the 
diagnosis of cardiac infarction from the electrocardiograms This 
patient had mainly abdominal symptoms, and was having x-ray studies 
of the gall bladder and stomach Despite the electrocardiogram the 
cardiac condition was disregarded, and the patient suddenly died 
Post-mortem examination confirmed the diagnosis The electrocar- 
diographic changes referred to will be discussed below, suffice it for the 
present to say that they are important and helpful It is also impor- 
tant to bear in mind that although these patients complain of pain in 
the upper abdomen, either at the same time or only a few hours later, 
in addition they generally complain of tightness of the chest of a type 
that IS peculiar to coronary disease A further point that is helpful 
m this difficult differential diagnosis is the fact that patients with 
coronary thrombosis are much more apt to have dyspnea than those 
with an acute surgical abdomen It follows, therefore, that waiting 
a short time may make a doubtful diagnosis more certain and prevent 
an unnecessary surgical operation on a patient m whom such a proce- 
dure could prove dangerous 

e Changes tn the blood pi essui e 

In 58 patients the blood pressure shortly before the attack of coro- 
nary thrombosis was either known to be high, or some of the readings 
during the attack indicated a hypertension The average systolic 
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pressure of the group was 191 mm and the diastohc was 110 mm 
There were 38 males and 19 females, wluch is a proportion of two to 
one, with the males predominating, whereas the proportion is three 
and one-half to one in the entire series This would indicate that 
among the smaller number of female cases of coronary thrombosis, 
there is a larger factor of hypertension than in the males 
There was no difference in the age incidence of this hi’pertension 
group as compared to the general average of the entire series, and the 
immediate prospect of recovery was not altered In fact, it might be 
interpreted that a previous hypertension improves the prognosis 
slightly, for exactly one half of this group had an immediate recovery, 
while 46 7 per cent of the entire 145 cases recovered Si\ patients 
were definitely known to have had a normal blood pressure before the 
attack of coronary thrombosis, and no doubt some of the others in 
w hom no reliable data were available belonged to this group 
It IS now quite well known that the blood pressure falls with coro- 
nary thrombosis In many instances the exact level of the blood pres- 
sure was not know n before the thrombosis, as they w ere first seen only 
after the attack had occurred But m some the data was available 
F urtlicnnore, the average level of the blood pressure in angina pectoris 
IS known to be 100 6 mm systohcand95 0 diastohc (19), and has been 
found to vary from normal readings to marked hypertension It is 
obvious, therefore, that the fall in the blood pressure that commonly is 
seen is apt to be more marked if a previous hypertension existed than 
if the pressure was normal For example, one patient (case 11) was 
known to ha% e had, a short w’hilc before the thrombosis, a systolic 
blood pressure of 200 and diastohc 110, and w hen first seen two hours 
after the attack the readings w ere sj stohe 160 and diastohc 90 , a few 
hours later the readings w ere 120 s> stolic and SO diastohc The follow- 
ing day the sj stohe pressure had fallen to 110 This illustrates a 
marked gradual fall occurring in several hours Another patient 
(case 40) was in the hospital at the time the attack of tlirombosis 
occurred, and the previous readings of the bloodpressure were known 
The general av erage w as systolic 150 to 160, and diastohc 95 The 

daj followmgthethrombosis.and foronemonth thereafter, thesjstohc 

pressure ranged around 95 to 105, and the diastohc 65 to 75 Here, 
naturallj , the fall w aslessbccause the origmallcs el waslower It wall 
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be noted that the fall in pressure affects both the systolic and the 
diastolic readings In a third instance (case 42) the diastolic pressure 
which was 130 before the attack fell to 70 three days after the attack 
Both of these latter two patients recovered Even when the pressure 
is normal before the attack, an appreciable fall may take place One 
patient was observed in whom the readmgs were between 125 and 130 
systolic, and 85 to 90 diastolic After the attack the pressure fell to 
as low as 92 systolic and 72 diastolic 
Occasionally the blood pressure remains high This was well illus- 
trated in case 7 Two weeks before admission this patient had a typi- 
cal attack of pain in the chest She died ten days after coming into 
the hospital During her stay various blood pressure readings were 
made, and they ranged around 180 to 190 systolic and 85 to 100 dias- 
tolic Post-mortem examination showed typical cardiac infarction 
with a mural thrombus in the left ventricle Several other such in- 
stances were found. It is quite possible m such cases that the blood 
pressure was much higher before the attack 
In many cases that recovered, in which a fall of blood pressure oc- 
curred, the pressure remained at a lower level thereafter even while the 
patient returned to full activities There are, however, other instances 
in which shortly after the first few days the blood pressure rose again 
as the patient improved This was true of cases 28, 55, 81 , 1 1 1 and 135, 
in which the systolic fall averaged 82 mm and the diastolic 34 mm and 
with recovery the rise was 53 mm m the systolic and 27 mm in the 
diastolic reading In other words, the recovery m the blood pressure, 
although considerable, was not complete 

The fall in blood pressure is generally quite rapid In the instances 
where death occurred in minutes or hours, pressure readings frequently 
weie not obtained, but it is obvious m these cases that the pressure 
probably was extremely low, as the patients often were pulseless 
When death does not occur during the early days the fall m pressure 
may either take place immediately, so that the first reading is the low- 
est, or it may gradually fall during the first 12 to 24 hours, as occurred 
in case 11 During the process of recovery the blood pressure is apt 
to rise shghtly from the lowest figure, but in most cases does not return 
to the high level that existed before the attack It has been our gen- 
eral impression that the patients who have done best were those who 
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showed a marked fall with only a slight subsequent increase in the 
blood pressure (28) It is strilang that in these cases where recov- 
ery was satisfactory, the blood pressure remained low even when they 
returned to work, and has never risen over a period of some years of 
observations A further interesting feature is that with these lower 
pressures the patients who suffered from angina pectoris before the 
attack of thrombosis, thereafter were practically or entirely free from 
anginal attacks 

/ The development of fever and leucocytosts 

In the great majority of acute cases of coronary thrombosis, there 
quickly develops a fever and leucocytosis This has been noted as 
soon as a few hours after the onset It has often been our experience 
that fever was considered absent as the result of taking a mouth tem- 
perature, but on determining the rectal temperature an appreciable 
fe\er was found (case 95) During the early hours of the attack, 
the patient may be m collapse, feel cold, show a clammy moist skin 
and be quite dyspncic For one reason or another the mouth tempera- 
ture may read 97° or 98° when the rectal temperature would show a 
fever 100° to 102° This is a most important point that is frequently 
overlooked, and occasionally is rather critical in deciding whether an 
attack of chest pain is due to angina pectoris or to coronary thrombosis 

The fever may last from one to several days, or as occasionally hap- 
pens, It may continue for one to two weeks (case 16) It occasionally 
rises to 101°, 102° or more, but generally is about 100° The disap- 
pearance of the fev er is gradual, usually without any recurrences when 
the patient’s progress is favorable Fhcrc are rare mstances when 
fever is absent throughout the illness, even when the rectal tempera- 
ture IS taken (cases 68 and 123) The extent of fever and leucocytosis 
probably depends on the amount of infarcted cardiac tissue mvoU ed 
It IS a clinical experience that whenever mfarcts of parenGhjonatous 
organs occur, e\ cn in the absence of infection, a fever and leucocytosis 
ma) develop This is frequently seen when cardiac patients dislodge 
emboli from sterile mural thrombi in the right or left auricle, and de- 
1 elop pulmonar j , cerebral , splenic or renal infarcts It ma) be stated 
that infarcted tissue an^'wherc in the body probably liberates toxic 
products that produce leucocy tosis and fever 



276 


SAMUEL A LEVINE AND CHARLES L BROWN 


The leucocyte count is apt to run hand in hand with the fever This 
also becomes elevated early and may remain above normal for several 
days Occasionally the leucocytosis lasts 10 to 14 days (case 35) 
Rarely there is no leucocytosis even in the presence of a slight fever 
(cases 36, 37 and 139) It has been stated by Libman and Saks (58) 
that a leucocytosis may develop as early as one and one quarter hours 
after the onset of symptoms The increase in the white cells of the 
blood IS apt to be slight or moderate A common count is about 12,000 
to 15,000 but may reach 25,000 or more With this there is a distinct 
increase in the pol3miorphonuclear ratio, which rises to 80 per cent and 
sometimes to even 90 per cent (case 57) The leucocytosis lasts as 
long as the fever does, and at times lags a day or so longer Some 
3’’ears ago (12) the significance of this leucocytosis and fever was noted, 
particularly in cases with abdominal pain when one could easily mis- 
take the condition with an acute surgical emergency 

The presence of a leucocytosis is one of the most constant findings in 
coronary thrombosis Out of 74 cases in which data were obtainable 
there were only four who had white blood cell counts within normal 
limits, 1 e , under 10,000, during the first week followmg the onset of the 
attack To be sure, there were some who when first seen after seven 
or 10 days had no leucocytosis One patient (case 140) had a count of 
7,400 six days after the onset, another (case 65) had counts of 7,700 to 
6,600 one and eight days after, a third had a count of 7,900 one day 
after, and a fourth had 8,600 four days after the attack It may be 
true that even some of these would have shown a distinct leucocytosis 
if more frequent counts had been made 

g. The occimence of pericardttts 

An acute pericarditis not infrequently develops following an attack 
of coronary thrombosis The only clmical evidence of this is the pres- 
ence of a pericardial friction rub . When present this is first heard over 
the lower precordium in the vicmity of the left nipple and towards 
the sternum. It does not occur in the majority of cases, in fact, only 
about 13 8 per cent show this sign The mechanism of this type of 
pericarditis is rather clear and simple After the coronary vessel is 
either partially or completely occluded, the heart muscle that was 
supplied by that artery becomes mfarcted If the process of infarc 



CORONARY THROMBOSIS 


277 


tion IS so extensive or so situated that it extends sufficiently to the 
surface to involve the visceral pencardium, a local inflammation and 
irritation develops at the injured site \Mien the location of the 
affected part of the heart is antenor, a pericardial fnction rub may be 
heard If the process involves the posterior or diaphragmatic portion 
of the heart or the interventricular septum, no friction rub mil be 
heard, and if it does not extend to the outside portions of tlic heart 
wall there m ill be no pericarditis It folloii s from the above that the 
pencardial rub is a variable sign but extremely helpful from the point 
of viciv of diagnosis 

This pericardial friction rub is a to and fro murmur and differs only 
slightlj from the similar sounds heard in rheumatic pericarditis It is 
not apt to be as loud nor is it apt to last as long Whereas in the latter 
condition it first appears and is generally best heard near the third left 
sternal border, here it is best heard more frequently further doiin and 
out near the left nipple Although the fnction rub when present is 
first heard one to several da> s after the onset of the attach, it may be- 
come audible in a few hours (case 145) The signs of compression of 
the left lower lobe of the lung that are frequently made out below the 
angle of the left scapula in cases of rheumatic pericarditis arc never 
present in this condition F urthcrmoTC,w e have had only one instance 
of pericardial effusion in this senes (cases 64), and the development of 
the pcncarditis has not produced additional symptoms like pain or 
elevation of the temperature or pulse The presence of a pericardial 
friction m general indicates a fairlj extensive area of cardiac infarc- 
tion, but by no means signifies a hopeless prognosis, as there were 
sex cn recoveries and 13 fatalities of 20 cases in w hich it occurred 

h Changes tn the urine 

Coronarj thrombosis generally occurs in patients who prexiously 
showed xciy little cxadence of renal insufficiency In most instances 
where the patients w ere prex iousl> examined, the urinary findings w ere 
practicallj normal and the kidncj function tests xvere xxithin normal 
limits Occasionally the unne shoxved a slightest possible trace of 
albumin, and an occasional hyaline cast similar to what one commonly 
discoxcrs m patients with xascular hypertension or arteriosclerosis 
without nephritis r rcquentlj , hoxvcxcr, a true comparatix’clj mild 
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di3,l)6tcs li8.d existed for some yesrs before the development of coronsry 
thrombosis In such instances sugar may be present dunng the acute 
attack in greater amount than what was found previously On the 
other handj there were instances where no diabetes was present and 
yet during the attack a slight or moderate glycosuria was found In 
several cases the findmg of about two per cent sugar in the urme and 
an accompanymg acidosis of a moderate degree were sufficient to ob- 
scure the diagnosis and brought up the possibihty of a diabetic aadosis 
or pancreatitis In some cases there apparently was a co-existing true 
diabetic acidosis and coronary thrombosis (cases 49, 53 and 68) It is 
important to appreciate that glycosuria is a common occurrence dunng 
the acute stages of coronary thrombosis, that it may be transitory, and 
that it need not indicate any important diabetic state It often proves 
to be a concomitant of the shock and terrific pain that exists with this 
condition 

A further feature of the urinary findings is the presence of albumin, 
casts and cells During the first few days while the acute process is 
going on, and there is fever and pain, the urine may resemble v/hat 
one finds during an active nephritis These changes are also transitory 
and when recover)’’ occurs the urine returns to a normal state Very 
often the urine becomes qiute scanty and there may be a practical 
suppression of urine during the first day or so This probably results 
from the state of shock and the markedly diminished arterial blood 
pressure In an occasional case quite a different condition may occur 
There are some instances (case 39) where in the wake of the coronary 
thrombosis, hematuria develops This takes place when emboli are 
dislodged from the mural thrombus that commonly forms within the 
cavity of the left ventricle adherent to that portion of the heart that 
becomes infarcted Such emboli occasionally lodge in the kidneys and 
here produce secondary renal infarcts In this manner gross or micro- 
scopic hematuria may result from which recovery can take place 

7 Bisiiirhances in the ihythn and mechamsm of the heart heat 

It is a striking fact that coronary thrombosis almost invanably 
occurs m patients pre’viously having essentially a normal heart rhythm 
A corollary of this observation is that it almost never develops m a 
patient who previously had persistent auncular fibnllation Of the 
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large number of elderly individuals who have chronic myocarditis and 
auncular fibnllation, with vanous evidences of heart disease, we have 
only seen one who developed coronary thrombosis, and in this case 
the diagnosis of the previous arhythmia was not absolutely certain as 
no electrocardiograms were taken at the time There seems to be the 
same incompatibility between these two conditions as has been found 
to exist between auricular fibnllation and angina pectoris (19) The 
former has an apparent protective mfluence over the latter, and one 
may with safety predict that a patient with persistent auricular fibril- 
lation IS most unlikely ever to develop coronary thrombosis 

Although the rhythm of the heart is normal to begin with, and re- 
mains so essentially during attacks of angina pectons, it is quite other- 
w ise when coronary thrombosis develops With the latter almost any 
form of cardiac irregularity may be found The frequency with which 
they will be observed will depend entirely on the care and frequency 
with which the patient is studied, for many of the disturbances are 
very transient, lasting only hours or might not be detected except witli 
the more complicated methods of graphic representation of the heart 
beat, like the electrocardiograph It is important to contrast the 
rarity of disturbances of the heart rhythm during anginal attacks witli 
the frequency of them in coronarj thrombosis 
Some of the irregularities arc less striking than others Premature 
beats are frequently observed during the acute stages of the attack, 
but inasmuch as tliey occur commonly in normal mdividuals, and with 
almost any type of heart disease, they are not of any particular signifi- 
cance They are generally ventricular in origin, but may be auncular 
There were 35 cases in which cxtrasystoles occurred, and of these 19 
were fatal and 16 recovered This W’ould indicate that they have no 
prognostic importance hlorc important than this is the sudden 
development of heart block Any degree of auricular-ventricular 
conduction disturbance may be found during the early days following 
an attack of coronary thrombosis Simple delay iti the conduction 
time of impulses, resulting in a regular heart rhythm w itliout blocking 
of beats (fig 45, case 32, and tig 59, case 139) or actual partial heart 
block of varying degrees, is not uncommon Sudden halving of the 
heart rate is a not infrequent event (fig 29, cast 9) This results from 
the blocking of every other impulse from the auricles \t other 
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times, one finds merely an occasional dropped beat on auscultation 
over the precordium (fig. 42 , case 35) There were nine cases in which 
partial heart block was noted, and of these five died and four recovered. 
Here again the disturbance did not affect the general prognosis. Fi- 
nally, complete heart block occurs rather infrequently The first case 
in which the ante-mortem diagnosis of coronary thrombosis was 
made by one of us (12) showed sudden complete heart block with a 
heart rate of 28, and it was this particular finding that led to the proper 
diagnosis (fig 7l, case 3) This has been seen one other time, and m 
both of these cases the patient died. We have heard of instances, 
however, in which recovery took place despite the development of 
complete heart block (59) It must be understood that although 
attacks of syncope may be explained in some instances as a result of 
heart blodc and the accompan)dng temporary standstill of the ventri- 
cles, other patients may become unconscious without heart block, 
mainly as a result of the extreme state of collapse and the insufficient 
circulation Complete heart block may need special treatment, such 
as adrenalin as an emergency measure, and, therefore, one must be 
alert to note its development 

There remain two other disturbances in the mechanism to be consid- 
ered, i e , auricular fibrillation and ventricular tachycardia Par- 
oxysms of auricular fibrillation are quite common during the first few 
days of the attack (figs 40, 74 and 80) They occur with much greater 
frequency than is generally noted because such attacks are apt to last 
but a short time, and are often not observed We noted this disturb- 
ance in 34 of our patients, including one case of auricular flutter In 
these cases the heart rhythm suddenly became rapid and grossly 
irregular, and there was present a distinct pulse defiat The rate of 
the heart generally was about 140 or 150, and the patient was either 


Fig 1 Case 15 Attack July 6, 1922 Note minor changes in the form of the T wave 

Fig 2 Case 72 Attack February 4, 1926 Note absence of any staking changes 2 
months after attack 

Fig 3 Case 17 Attack September 30, 1922 The Q R S waves have a bizarre 
form, are coarsely notched, and are of low amplitude Patient recovered and died about 
4 years later 

Fig 4 Case 140 Attack May 2, 1927 Note the pecuhar inverted dipped T wave 
in lead 1 one day after the attack, which disappeared in three days Patient recovere 
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unaware of the new change that had taken place, or, more rarely, he 
developed severe symptoms of marked dyspnea and circulatory insuffi- 
ciency If the latter occurs, proper measures to support the circula- 
tion, such as digitalis and caffein, might be necessary In most in- 
stances the attack of auricular fibrillation lasted one to several hours 
and then disappeared even if no special treatment was administered 

The development of paroxysmal auricular fibrillation m coronary 
thrombosis did not alter the prognosis of the case, for of the 34 in- 
stances, in 16 recovery took place and 18 were fatal One may further 
add that some of the most satisfactory recoveries occurred in this 
group Occasional!}'-, however, one such attack initiates the persist- 
ent form of auricular fibrillation (figs 9 and 49), and the patient from 
then on requires proper digitalization to keep the ventricular rate slow 
as an}^ patient w'-ould who has this disturbance in rhythm It follows 
from the foregoing that although coronary thrombosis is rare in 
patients who previously had persistent auricular fibrillation, it is com- 
mon for this arhythmia to develop, generally m a transient form, after 
such an attack 

A much rarer but in some ways a more important disturbance is the 
development of paroxysmal ventricular tachycardia (figs 37 and 61) 
The association of this arhythmia with coronary disease was empha- 
sized by Hermann and Robinson (60, 61) This condition is almost 
always associated wnth grave coronary disease in contra-distmction to 
the other arhythmias that have been discussed, which, although 
occurring in coronary thrombosis, are often met with in other condi- 
tions In paroxysmal ventricular tachycardia the heart suddenly 
becomes rapid with a rate of about 150 to 200 and remains essentially 
regular. It has generally been considered that it is impossible to 


Ftg 5 Case 62 Attack Apnl 8, 1926 Note low take oil of the T wave in leads 

2 and 3 Patient died the same day 

Fjg 6 Case 39 Attack April 8, 1923 Curves one day before the attack were not 

remarkable, and those later showed slight slurnng of the Q R S complexes, and a flatten- 
ing of T Patient recov ered w ell and died suddenly about three years later 

Fig 7 Case 20 Attack probably May 8, 1923 T 1 is sharply inverted, and the 
upstroke of T 3 begins slightly above the base line Patient died Alay 22, 1923 Autopsy 
showed infarct of left ventricle _ 

Fig 8 Case 11 Attack June 10. 1921 Died suddenly June 22, 1921 Note tne 

low amplitude of the ventricular complexes 
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Fig 9 Case 55 Attack October 25, 1924 Xote high take off of T 2 and T o \'toh 
gradualh becomes inverted and then flat There are also prominent Q 3 
first tracings are particularlj bizarre and indicate a probable defect ^ 

left branch of bundle of His The latter curves show permanent auricular 
r 1 ^ i07ri 
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rccogmre this condition at the bed side and that it requires electro- 
cardiograms for Its differentiation from other heart disturbances nith 
rapid rates Vcr\ rcccntU several features in this connection have 
been in\ estigated that ha\ e enabled us to make a proper bed side diag- 
nosis in four instances and promise to be valuable aids in the tuture 
nhere confirmatorv evidences b\ electrocardiogram are not available 
In auricular fibrillation the rh> thm is absolutclv irregular while here it 
IS essentiallv regular It is important to bear in mind that slight 
irregularities in the rh> thm ma> be heard on careful auscultation ov cr 
the prccordium This point has been emph isized as an aid in dis- 
tinguishing ventricular from auricular taclncardia (62) The rhvthm, 
although in the mam regular even for fairlj long periods of time, will 
every now and then be interrupted bj a slight pause which can be 
readilj detected b> the car \ further distinguishing feature betvv cen 
this tjpe of tachjcardia and parowsmal auricular taclncardia, or 
luricular flutter, IS that it is absolutelj uninfluenced bv vagal pressure 
1 he latter tw o conditions on the other hand niav be alTccted bv pres- 
sure over the carotid arteries, the one frequentlj being cntirelj ar- 
rested and the other temporarily slowed by such a procedure \ linal 
distinguishing feature is that during v cntncular tachycardia one may 
not only iicar occasional slight irrcgulanties in the length of the heart 
beats, but the intensity of the first sound of the heart at the ape\ 
mav V an A curious sudden clicking, reduplication or snapping sound 
mav be heard w itli v arious cv clcs (63) This, one may suppose results 
from the simultaneous contraction of the auricles and v entnclcs that 
takes place at times or at least from the variation in relationship be- 
tween ventricular and auricular systole that occurs in this condition 
Jhe situation is not unlike complete heart block where a similar 
V anation in qualitv of the first heart sound takes place 

I his discussion has been taken up in some detail because on oce i- 
sioiib the proper clinical diignosis of ventricular taclncardia and the 
subsequent approjiri ite treatment of it may make the difitrence be- 
tween the life and death of the patient as vias illustrated bv case 134 
(64) When the patient is in a hospital where electrocardiograms can 
be taken the diagnosis is not diflicult but inasmuch ns most patients 
siifl’cring from coronarv thrombosis are in their homes the bed side aids 
III di ignosis arc of prim iry importance Turthermore, this condition. 
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although in some cases transient and only lasting several hours, can per- 
sist for days and produce increasing symptoms of circulatory insuffi- 
ciency with death from exhaustion Under such circumstances, death 
may properly be ascribed to the uncontrolled rapidity of the ventricles 
Below, when the question of treatment will be discussed, the proper 
course to follow in order that this disturbance m the mechanism of the 
heart may be checked will be gone into in detail because, although 
uncommon, it is most serious and much can be done for it 

A final disturbance that is most frequently met with during the 
active stage of coronary thrombosis is the gallop rhythm If careful 
auscultation is carried out during the early days following an attack 
of coronary thrombosis, it is not unlikely that in most patients a true 
gallop rhythm will be heard Here there is no change in the rhythmic- 
ity of the heart or in the conduction of impulses, but there is a definite 
change in the quality of the heart sounds It is generally best heard 
in the vicinity of the left nipple and unlike a splitting of the first or 
second heart sounds, it is a true canter or gallop The heart rate at this 
time IS generally elevated to about 100 to 120, and the exact timing of 
the extra sound m the heart cycle is not simple, but one gets the impres- 
sion that it is of the presystohc type The detection of agallop rhythm 
ma}'' seem to be of minor importance because it is present in other con- 
ditions than coronary thrombosis, but because in some cases the diag- 
nosis is quite obscure and difiicult, any clinical feature may under those 


Fig 10 Case 1 Attack jMay 3, 1915 Note verj' low amplitude of complexes and 
rounded and dipped T 2 and T 3 Patient died Way 9, 1915 Autopsy showed ruptured 
left x'entncle 

Fig 11 Case 132 Attack September 3, 1921 Note low amplitude of x'entricular 
complexes and dipping of T 1 Patient recovered Ultimate outcome not knoixn 
Fig 12 Case 33 Attack November 11, 1924 Note low amplitude of Q R S waxes, 
and coarse notching Patient died November 20, 1924 

Fig 13 Case 7 Attack October 4, 1920 Tracings are not remarkable Died 

October 28, 1920 Autopsy showed infarct of left ventricle 

Fig 14 Case 18 Attack November 27, 1922 (In first tracings there xxas over 
shooting ) Note high take off of T 2 and T 3 and development of auricular fibrillation 
in the second tracings Died December 8, 1922 Autopsy show'ed infarct of left 
X entricle 

Fig 15 Case 8 Attack October 21, 1920 The Q R S waves are rather small 
Died October 27, 1920 Autopsy showed rupture of left ventricle 
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circumstances be of sufficient weight to swing the balance in the proper 
direction 

j Modes of death in the fatal cases 

There is great variability in the time that death occurs and in tlie 
mechanism of the fatal events in coronary thrombosis Familiarity 
with these facts is important as it helps the physician in the treatment 
of the problem and enables him at times to anticipate certain events 
and possibl)'' prevent catastiophies This subject has recently been 
discussed at some length b}^ Fulton (65) From the moment that the 
attack begins death maj’- occur at any time until a period of several 
weeks has elapsed, although the cause of death is quite difterent at 
different times The group of patients m whom death occurs instantly 
IS of comparative less clinical interest than when the immediate result 
IS not fatal, because m the former the physician is called only to pro- 
nounce the patient dead There are many instances in which ambula- 
tor}^ anginal patients without any warning, either while at rest at home 
or at their work suddenly cry out and fall dead instantly The coronei 
has long since examined such patients and found nothing or on careful 
examination a thrombosis of the coronary arteries might be discovered 
To be sure there are occasional instances where the coronary arteries 
are found sclerosed or narrowed but not occluded, and yet the shock 
proved to be fatal Sudden fibrillation of the ventricles can be oftered 
as a satisfactory explanation of sucli a sudden death were sufficient 
pathological evidence is not found at autopsy It can also explain 
the sudden death that occurs some da}'s after the onset oi the attack 
when the patient was apparently doing fairly well, m whicli rupture 
of the heait did not occur and no embolic phenomena had taken 
place In fact ventricular fibrillation explains quite well sucli unex- 
pected fatalities, but the hypothesis does not readily lend itself to 
proof as rarely is an electrocardiogram taken at that time to confirm 
this theory 

Fig 16 Case 30 Attack July 20, 1924 Note high take off of T 1 and corre‘:pond- 
ing low take off of T 3 The T wave then goes through striking changes dc\ eloping the 
cliaractenstic sharp A' shaped form in lead 1 This patient has remained ven we 

o\er 3J j'^ears , 

Fic 17 Case 29 Attack Julj 20, 1924 Note rounded dipped T 1 and prominent 
upright T 3 Died Jul> 24, 1924 Autopsj showed thrombosis of left coronata arter) 
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When the patient survives long enough for a physician to attend 
him, general failure of the circulation may result within one to several 
hours Here the shock to the circulation is sufficient to depress the 
blood pressure to very low levels, such as 60 or 80 mm , or the pulse 
may be entirely imperceptible The patient then presents the picture 
of profound shock and may be actually unconscious This can occur 
even when the heart is contracting regularly Another type of uncon- 
sciousness is the one that results occasionally with actual temporary 
standstill of the heart and complete heart block (case 114) Death 
may occur much m the same way as it does m the ordinary case of 
Adams-Stokes disease from a prolonged heart block Under such 
conditions the conduction apparatus is involved, and death occurs 
even when one might have expected that the heart would have 
survived the attack if some sort of ventricular contractions could have 
been induced In such instances it would seem that the administra- 
tion of adrenalin might prove helpful to tide the patient over for a 
short period of time, while a new adjustment is being established 
When block does not occur, and the patient presents the picture of 
extreme shock and low blood pressure, death may follow merely 
from the results of an enfeebled and insufficient circulation Although 
we have seen many such instances m which the heart remains regular 
though rapid throughout, the fact that occasionally ventricular 
tachycardia develops makes it not unlikely that sudden death can be 
explained on the theory that there develops a ventricular fibrillation 
which IS a degree of ventricular irritability slightly higher than that 
which obtains m ventricular tachycardia, and which produces an 


Fig 20 Case 51 Attack March 13, 1925 Note rounded slightly dipped T 3 in 
first tracings The following curves are not remarkable and illustrate how easy it is to 
miss significant changes because of their transient character Has recovered and done 
well for over 3 years 

Fig 21 Case 80 Attack February IS, 1926 Note slight curving of T 2 and sharp 
inversion of T 3 Patient has recovered and done well for 2 years 

Fig 22 Case 82 Attack October 1, 1925 Form of T 2 and T 3 is fairly character- 
istic These curves illustrate diagnostic importance of previous attack of coronary 
thrombosis Patient had immediate recovery but ultimate outcome unknown 

Fig 23 Case 14 IMay 11, 1922 Date of attack not determined Tracings not 
remarkable Died IMay 14, 1922 Autopsy showed an old infarct of left ventricle and 
a mural thrombus 








Fig 24 Case 56 Attack jMaj^ 9. 1925 First tracing shows one premature \cn- 
tncular beat Note changes in form of T wave especiallj' in lead 3 It is interestiiio 
that typical high take off occurred almost 2 months after attack (July 3, 1925) 
wave developed in lead 3 and then disappeared Patient recovered but continues o 

have angina 
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I ic 25 Chhc 85 Allick 'Novtmlxr 2, 'Sole «hari> jn^rr^ion of i 3 wjfh 

corr(siX)n(linK prominent upri^U 1 1 ISlicnl rcco\cro(l but since has ha«l frequent 
anpna atlacVs 

1 IG 26 Ca e S6 \ttacV. \ujpisl 17 1925 Noli ‘ilnrp invcr ion of T 1 nu! llic 
prcM nee of a ilcftnUc Q 3 Patient has done oveU for pa^t 2 J > car'. 

Iir27 Ci^tfb Probable <hU df attack 'March 10 1926 Note that the cJnracttr 
iMic clnnt.es m I « ut api>earial late O R S vaacs arc comewhat -^nnll Died \pnl 
> 1926 \utop \ showed left coronara llmimbosis 

lir 2fi Ca>e 6 Probable date of attack Auj^st V) I9lS Notccatrtntb low 
amphludc of \cntncular conipfixcs (these atnes wire arcuratiU standardind) Uiid 
191S AutopsN diowcti thromlwsis of lift coronarv arters 
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abrupt cessation of the heart beat How often this does occur it is 
HHpossible to state, as it would be only a rare fortuitous experience 
if one actually obtained electrocardiograms at the moment of the final 
exitus 

When the patient survives the first day or two, marked and rapid 
improvement may then take place so that he can enjoy a sense of 
complete well being and freedom from symptoms Despite tins, 
death may occur unexpectedly between the fifth and tenth dav from 
an actual rupture of the heart through the infarcted area Case 1 
illustrates this very strikingly One of us was attending this patient 
and had lust examined him and in answer to a question he replied that 
he was feeling splendidly He was sitting up in bed writing a postcard 
to his wife when one second later he fell forward and was dead For a 
while it was thought that he died of ventricular fibrillation as a result 
of digitalis This occurred before the diagnosis of coronary thrombosis 
u as understood Post-mortem examination revealed a fresh cardiac 
infarct, a lupture of the left ventricle and a large hemopericardium 
Although very sudden or instantaneous death while the patient is 
apparently doing satisfactorily is apt to be due to rupture of the 
heart, that this is not necessarily the explanation was shown by cases 
9 and 66 In both of these cases post-mortem examination showed 
t 3 ^pical findings of coronarj^ thrombosis and cardiac infarction but no 
lupture Sudden death might have occurred because of ventricular 
fibrillation or the inception of complete heart block 

Further complications that not infrequently develop shortly after 
the initial attack of coronary thrombosis are peripheral emboli In 
man}" cases mural thrombi form within the ventricular cavities and 
remain silent only to be found when the heart is examined at autopsy 
Occasionally, however, emboli are dislodged from the thrombus and 
reach the brain, limbs or other important organs Death may occur 

Fig 29 Case 9 Attack January 23, 1921 Second tracing January 26, 1921 shows 
nodal rhythm, following two sets show defective conduction through right branch o 
bundle of His on January 30, 1921 There was partial heart block Died February /, 
1921 Xutopsy showed infarct of left ventricle 

Fig 30 Case 16 Attack July 4, 1922 There is a suggestive high take off of T 1 an ^ 

T 2 One premature \ entricular beat is seen (P B ) Died August 8, 1922 Autopsj 
showed infarct of left ventricle and rupture 
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Dm the accompanying gangiene of the leg and the additional buiden 
I the patient’s vitality resulting from the new mfarcted blood vessel, 
from a cerebral embolus with its trail of hemiplegia, unconsciousness 
id impariment of the function of the higher centers Although these 
iboli are apt to develop during the second week of the illness we 
-ve recently witnessed an instance in which an embolus developed 
the popliteal artery about 24 to 48 hours after the onset of the 
tack Another case was observed where a hemiplegia occurred 
^e weeks after the onset (case 121) Although it seems reason- 
ile to suppose that emboli might be detached at an)'’ time, even 
Diiths or years after the formation of the left ventricular mural 
rombus, and no doubt explains some obscure cases of sudden 
miplegia and the like in vascular patients, nevertheless we have not 
3n any occur in direct relation to an attack after the sixth week 
om the practical point of view this is of some importance in estiniat- 
5 the length of bed rest that should be earned out 
There is finally a group of patients who recover from the immediate 
ects of coronary thrombosis, but directly after this temporary im- 
ovement a progressive failure of the circulation of the congestive 
pe develops The heart may remain legular or after one or more 
ells of transient auricular fibrillation it may become permanently 
egular There develop increasing dyspnea, peripheral oedema, 
leyne-Stokes breathing, and the othei evidences of circulatory 
sufficiency (case 55) Although even when this occurs impiovement 
ly result with proper treatment, more often the improvement is onl)'’ 

D brief and death takes place in one to three months In some in- 


I'lG 31 Case 5 Possible date of attack May 21, 1918 Tracings mereb' show an 
asional prcm,iture ventricular beat Died July 14, 1918 Autopsy slioncd infarc- 
1 of the left ventricle 

I'lG 32 Case 136 Attack December 24, 1926, or Deccmbei 31, 1926 Note that 
ventricular complevcs were of low amplitude on the first two dates Last tracing 
MS numerous extra ventricular systoles (patient liad paroxysmal ventricular tachy- 
dia) Died January 13, 1927 Autopsy showed thrombosis of left coronaiy artery 
Pig 33 Case 89 Attack April 9, 1927 Note change in T wave espcciall> m lead 
fter the attack Patient recovered and has done well for nine months 
Fig 34 Case 91 Mtack December 13, 1926 Note slightly loundcd and dipped 
Patient recovered and one > ear latei had attack of acute pulnionarj oedema from 
ch he also recoeered 
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attack Another case nas observed where a hemiplegia occaircd 
tn-c «ceks after tlic onset (case 121) Although it seems reason, 
able (0 suppose that emboli might be detached at any time, even 
months or years after the formation of the left ventricular mural 
thrombus, and no doubt explains some obscure cases of sudden 
hemiplegia and the like m vascular patients, nevertheless we have not 
seen ain occur in direct relation to an attack after the sixth veeL 
I‘ rom the practical point of view this is of some importance in estimat- 
ing the length of bed rest that should be carried out 
Tlierc is finally a group of patients who recover from the immediate 
eft ects of coronary thrombosis, but directly after this temporar) ira- 
pro\ cment a progressive failure of the circulation of the congestive 
ixpe develops The heart ma} remain regular or after one or more 
spells of transient auricular iibrillation it may become permanently 
irregular, I'Jicre dex'clop increasing dy^spnea, peripheral oedema, 
Cheyne-Stokes breathing, and the other evidences of circulator) 
insiifiiciency ( case 55) Although ex'^en xvhen this occurs improx^ement 

max result xx ith proper treatment, more often the improvement is on 3 
too brief and death takes place m one to three months In some m 
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.\hich he also recorered 
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from the accompanying gangrene of the leg and the additional burden 
on the patient’s vitality resulting from the new infarcted blood vessel, 
or from a cerebral embolus with its trail of hemiplegia, unconsciousness 
and impariment of the function of the higher centers Although these 
emboh are apt to develop during the second week of the illness we 
have recently witnessed an instance in which an embolus developed 
m the popliteal artery about 24 to 48 hours after the onset of the 
attack Another case was observed where a hemiplegia occurred 
five weeks after the onset (case 121) Although it seems reason- 
able to suppose that emboli might be detached at an}" time, even 
months or years after the formation of the left ventricular mural 
thrombus, and no doubt explains some obscure cases of sudden 
heimplegia and the like m vascular patients, nevertheless we have not 
seen any occur m direct relation to an attack after the sixth week 
From the practical point of view this is of some importance in estimat- 
ing the length of bed rest that should be carried out 

There is finally a group of patients who recover from the immediate 
efiects of coronary thrombosis, but directly after this temporary im- 
provement a progressive failure of the circulation of the congestive 
type develops The heart may remain regular or after one or more 
spells of transient auricular fibrillation it may become permanently 
irregular There develop increasing dyspnea, peripheral oedema, 
Cheyne-Stokes breathing, and the other evidences of circulatory 
insufficiency (case 55) Although even when this occurs improvement 
may result with proper treatment, more often the improvement is only 
too brief and death takes place in one to three months In some in- 


I'lG 31 Case 5 Possible date of attack IMay 21, 1918 Tracings merely show an 
occasional premature ventricular beat Died July 14, 1918 Autopsy shoiied infarc- 
tion of the left ventncle 

Fig 32 Case 136 Attack December 24, 1926, or December 31, 1926 Note that 
the \entricular comple\es were of low amplitude on the first tvo dates Last tracing 
shows numerous extra \entncular sj stoles (patient had paroxysmal xentricular tachy- 
cardia) Died Januarx 13 1927 Autopsy showed thrombosis of left coronarx^ arterj' 
Fig 33 Case 89 Attack April 9, 1927 Note change in T wax’e especiallx m lead 
2 after the attack Patient recox ered and has done well for nine months 

Fig 34 Case 91 Attack December 13, 1926 Note slightlj" rounded and dipped 
T 1 Patient recox ered and one j ear later had attack of acute pulmonary oedema from 
which he also recox ered 
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stances a fair degree of cardiac strength is restored, the patient becomes 
ambulatory, remains free from pain, and carries on with a limitation 
in his activities for years It is in this last group of ambulatory 
patients that instances of true aneurysms of the ventricles are found 

k Types of recove) y 

It IS of considerable importance to appreciate that patients who 
recover from an attack of coronary thrombosis differ considerably as to 
their future health entirely apart from the actual duration of life after 
such an attack In general there are three types of recovery that are 
fairly distinct and quite different from each other One common type 
IS that illustrated by cases 40 and 42 Here the patients were suffering 
from typical angina pectoris for a variable period of time before the 
attack of coronary thrombosis With the attack there was a well 
marked fall m the blood pressure which with recovery remained at a 
distinctly lower level thereafter In these cases when the patients be- 
came ambulatory the angina pectoris did not return This type illus- 
trates the most favorable kind of recovery for the patients are in some 
ways m better health after than before the attack It follows that a 
marked fall of blood pressure is a welcomed sign if it does not rise again 
to the previous level as recovery takes place There are several such 
patients who are quite well and active three to five years after their 
attacks 

A second group of cases illustrated by cases 65, 111 and 135 is one in 
which angina symptoms, whether existing before the attack of coronar)’’ 
thrombosis or not, are present after it In such cases either the fall of 
blood pressure did not occur, was slight, or if it was considerable it rose 
again to a high level after the attack Here the patients present the 
ordinary problem of angina pectoris which limits their activities to 
some extent This one might regard as the next most favorable type 
of recovery 

The last major group consists of those who develop greater or lesser 


Tig 35 Case 67 Attack September 27, 1926 Note the changes m T wave es- 

pcciall> in lead 1 Patient recovered, became ambulatory but suddenly died March, 192/ 
Fig 36 Case 42 Attack June 21, 1924 Standardization shown at beginning of 

each lead Note the low amplitude of the Q R S w'aves Patient has done well for past 
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Tig 37 Cnse 141 Vttack Vpril 27, 1927 Xotc the high take oil of T 1 and T 2 
rir‘;t tracings sho\\ both a transient auricular fibrillation and frequent extra ventricular 
sj Stoics On May 3, 1927 ventricular taclncardia developed vhich vas readily con- 
trolled bj quinidine Tracings taken 11 20 a m (two hours and fifteen minutes after 
0 4 gram qumidine was gixen) show normal rhythm Died Maj 7, 1927 \utopsy 
showed ruptuie of left xcntricle 
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evidence of general circulatory insufficiency after an attack of coro- 
nary thrombosis (cases 28, 55 and 81) They may have had no such 
sjrmptoms before the attack and in fact during the early critical davs 
of acute thrombosis they might show no signs or svmiptoms that are 
different from those manifested by the first group, and y'-et as the days 
or veeks progress it becomes increasingly clear that the circulation is 
insufficient, dyspnea, oedema, enlarged liver and hydrothorax develop 
vhich may or may not respond to the customary measures employ ed 
under such circumstances In this group persistent auricular fibril- 
lation may be found Dyspnea, congestion of the liver and lungs. 



Tig 41 Case 58 Attack -Vugust 25, 1925 The height of the \entricular complexes 
dimimshed somewhat after the attack but the form was hardly changed Died August 
51, 1927 Autopsi showed sjphihtic aortitis and acute infarction of left aentricle 


Cheyne-Stokes breathing, and the like when occurring during the 
first fell days, although evidence of an insufficient circulation, by' no 
means indicate that the patient will belong to this third group vhen 
recovery takes place They' are frequently only' temponrv and 
patients showing these signs commonly recover most satisfactorily 
and fall into the first group WTien such symptoms are present a few 
weeks following an attack they have a more ominous significance 
There will be an occasional instance in which recovery' takes place 
after a cerebral embolus occurred, and here, obv lously , the patient w ill 
be left with a hemiplegia or the like 



Fig 40 Case 28 Vttack June 17, 1924 Xotc the high take off of T 2 and T 3 
Transient auncular fibnllation occurred on June 23, 1924, June 27, 1924, and Juh 7, 
1924 V prominent Q 3 developed, and the T wa\es changed form from time to time 
Died Februarj 6 1927 Autopsy shoned old infarct of left \entricle with localized 
aneur\sm of the \\all 
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There is in addition a heterogeneous group which may continue to 
have anginal attacks of pain and still show evidence of congestive heart 
failure of varying degree, or as happens occasionally, a patient who 



Fig 43 Case 102 Attack November 26, 1926 T 1 has the characteristic rounded 
dipped form Died February 11, 1927 

Fig 44 Case 69 Attack Februarj 4, 1926 Note slight but significant changes in 
the T waves the low amplitude of Q R S waves, and the presence of a Q 3 Patient 
recovered and has had no symptoms for 1 j'ear 
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was free from angina pectoris for some time after an attack may then 
develop either pain or dyspnea or other symptoms of an insufficient 
circulation Obviously a more prolonged study of the recovered cases 
will disclose new developments Those who are now free from pain 
and well may develop congestive heart failure or angina pectoris in the 
future, or those who still have anginal attacks may have another attack 
of coronary thrombosis which, if not fatal, may serve to render the 
patient free from further pam Notwithstanding these aberrations 
the general division into the above three groups will be applicable in 
most cases 


/ ElccU ocm dtog} aphic changes 

Although the recognition of cases of coronary thrombosis developed 
as a bed side or clinical diagnosis before the use of electrocardiograph}'- 
was generally made, this latter procedure has in recent years added 
materially to the criteria that we use in diagnosis In fact, certain 
changes that occur in the electrocardiograms are now regarded as so 
characteristic that without any other evidence whatever a proper diag- 
nosis might be made in some cases Other changes have also come to 
light that are less distinctive but nevertheless decidedly helpful 
when coupled with further clinical data Altogether electrocardio- 
graphic data as will be seen below are now of great importance both in 
the diagnosis of coronary thrombosis during the acute stage of the 
disease, and in some instances enabling us to detect even a previous 
attack of coronar}’- thrombosis that occurred in the past from vhich the 
patient recovered 

Wearn (22) studying some of the cases reported in this review, called 
attention to diminution in the amplitude of the electrocardiographic 
waves m two of his patients This has been observed by others since 
his publication, and in some of our patients marked diminution of the 


Fig 46 Case 24 Probable date of attack February 3, 1924 Note the high take 
off of T 1 i\hich later becomes rounded Patient recovered but died instantly Fcbruarj', 
1925 

Fig 47 Case 40 First attack June 25, 1923 Second attack Januan^ 1928 ^ote 
changes in the form of the T iia\e On June 28, 1923, there was distinct delajed A \ 
conduction, as indicated bj an increased P-R interval Patient surviv td a second attack 
in 1928 
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complexes hasbeen noted (figs 10, 11, 12, 28, 36 and 64) This is fairly 
valuable evidence but should not necessarily be considered pathog- 
nomonic The most important type of change m the electrocardio- 
gram IS the one discovered by Pardee (39) He noted that during the 
early days following an attack of coronary thrombosis the form of the 
complex between the downstroke of the R wave and the end of the T 
wave changes This change consists of the disappearance of the brief 
iso-electric interval that normally exists between the Q-R-S complex, 
or initial ventricular deflection, and the T wave or terminal ventricular 
deflection Furthermore, the T wave begins on the downstroke of the 
R wave before it has reached the base line and has a peculiar rounded 
hump Whereas this may be detected in one of the three customary 
leads taken in routine tracings, an opposite change which seems to us 
to be equally significant may be seen in one of the other leads This 
is a low take-off of the T wave from the upstroke of the S wave before 
It has returned to the base line When such changes in the R-T 
interval are marked (see fig 42) they are practically pathognomonic 
of coronary thrombosis One other clinical condition that shows 
slightly similar changes but not to such a marked extent is that of acute 
iheumatic fever, and was described by Cohn and Swift (66) Here al- 
though the iso-electric R-T interval may be absent, the T waves does 
not rise from as high or low a point on an R-S wave as is found m coro- 
nar} thrombosis (fig 84) Somewhat similar changes have been noted 
in other conditions, namely uraemia and pneumonia (figs 83 and 85), 
but on careful examination it will be seen that the similarity is not 
great for the T waves do not have that peculiar rounded hump that is 
found m coronary thrombosis Although abnormal electrocardio- 
grams have been described m uraemia (67), they generall)’’ can be dis- 
tinguished from the changes discussed here 

The above changes may occur very early in the attack, even a few 
hours after the onset, as was shown by Rothschild, Mann and Oppen- 
heimer (44), but they may develop more slowly and be absent the 

Tig 48 Case 103 Attack Alarch 1, 1925 There is nothing striking in these 
electrocardiograms 

Fig 49 Case 41 Attack iMarch 21, 1924 Note the curved and dipped form of 1 1 
in the early tracing Tiio and one-half years after the attack permanent auricular 
fibrillation set in 
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first day and appear later (fig 66) They occur in a great many of the 
cases, but by no means in all, so that their absence does not rule out 
the diagnosis of coronary thrombosis A further important feature 






■EMB 

is 






Tig 50 Case 104 ^Vttack October 30, 1926 There is nothing remarkable e\cept 
tlie prominent Q 3 

Fig 51 Case 10 Attack Julj" 7, 1921 Note that the T wa%e in lead 1 after the 
attack comes off at a slightly higher level than normal Patient died suddenly July S, 
1921, and autopsy shoved a ruptured heart 

Fig 52 Case 36 Attack Februar) 22, 1925 Note the high take off and rounded 
dipped T 3 Patient died IMarcli 2, 1925 Autopsy sliov ed a rupture of the left v entncle 








Tic 53 C-icc 05 \ttacK June 23, 1926 Note the striking cliangcs m the form o 
the T \sa\es, al«^> the prominent Q 3 
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of the electrocardiogram is the fact that the complexes change their 
form from day to day There is practically no other condition in 
■which the form of the electrocardiogram changes materially from day 
to day, or at least goes through such significant changes so quickly as 
occurs m coronary thrombosis One can frequently see the R-T com- 
plex which showed the characteristic high take-off and rounded hump 
on one day go through changes like those shown in figure 42 The T 
wave gradually recedes from its high position, still maintaining its 
rounded contour and then develops a peculiar sharp inversion, at first 
slight and then more prominent Finally it may appear as a very 
sharp inverted V-shaped curve These changes are of considerable 
importance as frequently the first tracing obtained is one taken some 
days or weeks after the onset of a suspected attack, and one is thereby 
enabled to infer that the earlier changes had occurred but were not 
photographed, and that because the later characteristic curves are 
obtained the patient probably had an attack of thrombosis some time 
in the past and has now recovered from it (figs 22 and 43) 

Attention has been called to a very slight notch or wave that occurs 
in the early portion of the R-T interval, as the changes above described 
are taking place This has been noted in some of our cases (fig 81), 
but Its frequency has not been sufficiently great or its identity suffi- 
ciently characteristic for us to feel that it has an important diagnostic 
significance 

A final feature m the electrocardiograms that we have found to be of 
some importance, and to which no attention has m the past been paid, 
IS the presence or the development of prominent Q waves m lead 3 


Fig 54 Case 138 Attack Apnl 26, 1921 Note the extremely high level at i^hich 
T 2 and T 3 begin The following daj these changes had disappeared Patient died 
Alay 10, 1921, and autopsy showed a rupture of the left ventricle 

Fig 55 Case 105 Attack November 24, 1925 Note the frequent premature ven- 
tricular beats (P B ) Patient recovered satisfactonly 

Fig 56 Case 145 Attack June 8, 1921 Note the suggestive high take off of T 1 

Patient has done well for almost 7 years 

Fig 57 Case 106 Attack December 16, 1922 The curves are essentiallj normal 

Patient recovered very' well 

Fig 58 Case 66 First attack Jfarch, 1926, second attack probably July 12, 1926 
Note the spread and notching of the Q R S waves, and the slight dippmg in T 1 Patient 
died suddenly August 17 1926 Autopsy showed thrombosis of right and left coronary 
artenes There was evidence of an old and a recent cardiac infarction 
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The exact significance of this is obscure, but its frequent appearance 
in this group of patients has been sufficiently great to require some 
comment It is hardly likely that such curves can be regarded as 
accidentar(figs 7, 9, 22, 24, 26, 40, 42, 45, 53, 59, 65, 66 and 79) 
There are of course many other electrocardiographic abnormalities 
that occur in this disease, but they are no different from those 
observed in other patients with degenerative myocardial disease who 
have not had coronary thrombosis Such changes are bundle branch 
block, or evidence of intraventricular defective conduction as indi- 
cated by lengthening of the duration of the Q-R-S complex In 
fact, one must be cautious in interpreting the abnormal electrocardio- 
gram, properly assigning certain changes to the chronic process m the 
heart muscle and other changes to the more acute events that follow 
coronary thrombosis 

rv DIFEERENTIAL DIAGNOSIS 

The most common difficulty in diagnosis that arises is to distinguish 
an attack of coronary thromobosis from one of angina pectoris In 
most cases this can be done with a fair degree of certainty, while 
occasionally one will remain in doubt until one of the more critical and 
characteristic features of the disease is noted At times it will be 
impossible to be certain just how seriously the condition should be 
regarded and judgment will need to be held in abeyance The impor- 
tant differences are the duration and severity of pam which m angina 
pectoris lasts minutes and in coronary thrombosis hours or days In 
the one relief is generally obtained by using nitroglycerin, in the other 
no such prompt relief is obtained using nitrites or even morphia 
The gradual fall in blood pressure, the increase in the heart rate, the 
leucocytosis, the fever, the various irregularities of the heart, the occas- 
ional pericarditis, the embolic phenomena, the evidence of shock, 
collapse and congestive failure, and the development of dyspnea and 

Fig 59 Case 139 Attack jMay 26, 1927 The three important features here are 
the progressive changes in the T naves, especiallj' in lead 3 from the characteristic high 
take off to the sharply inverted V-shaped form, the delayed P-R interval gradually dis- 
appearing and the prominent Q 3 This patient died July 7, 1927 

Fig 60 Case 142 Attack hlay 13, 1927 Note the progressne changes m the T 
naies especially in lead 2 Patient recoiered satisfactonlj 










Tig 61 Case 133 Attack March 20, 1926 The first tracings were taken 5 hours 
after onset The striking phenomenon here is the development of ventricular tachy- 
cardia (April 8, 1927) The next three tracings show the gradual return to normal follow- 
ing quimdine Patient recovered satisfactorily 
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gastnc symptoms are all events which occur with \arying frequency 
and characterize coronarv thrombosis quite satisfactorily 

1 here are several other conditions that may be confused with coro- 
narv thrombosis and require special mention Of considerable impor- 
tance IS the small group of patients who present a picture simulating 
an acute surgical condition of the abdomen Ihis was discussed in 
detail above, and here let it sufhee to emphasize that in all patients 
about the age of 40 who have acute fulminating pain in the upper 
abdomen the possibility ofcoronare thrombosis should be considered 
Eliciting a previous history of angina pectons, uncovering the fact 
that although the pain is mainly in the epigastnum there is also a feel- 
ing of constriction in the sternum, or a squeezing ache in the arms or 
the presence of some d\ spnea dunng the attack, ma\ lead one to mal e 
an accurate diagnosis 4t other times, w here possible, electrocardio- 
grams or suspicious findings on ausculating the heart may sae c the 
patient from an unnecessary and penlous operation In fact, there 
will be times when onh after a most careful sure ey of all the features 
of coronarv thrombosis will the correct diagnosis be made 

Other conditions that may be confused with coronary thrombo=i=arc 
diabetic acidosis pneumonia and rareh pneumothorav On sc\ eral 
occasions the appearance of sugar m the unne e\ en vTth a real actdo'is 
as manifested b\ a depressed CO- combining po\.er of the blood, 
together wnth the eendence ol shock and stupor hae e made phy =icians 
think that the patient had diabetic coma (casts 49 v3 and OS) I or 
entireh other reasons one might easily make the mistal cn diagnos’so^ 
pneumonia and overlook the real condition feasts 8 II 29 and -13) 
This is not surprising when one recalls that the pain in tnt chest d_> sp- 
nea cough rales at one or both of iht bases of the lung= lever and 
'eucocy-to"=is are characteristic of both conditions Oi course tht loca- 
tion o* the pain is general'y in the sternum, and s corstictirz in 
character on the one nand and ,5 more ant to oe hteral a^d agara- 
vatea by b'eatmng on the other hard FurtneTnorc- cr,ang-_= m the 
r-rchan’^tn of tne neart la nneur'o-’ a are ra-e erceot so' t'-t r era— 
-ona^ devc^op-rert ci auncalar fior’danon Oirer e.-de-'^e r^j’^tjOg 
to a-ie-ial m^ease t_ch as cy-i>“rttr,ron o- ansaa pecto-is vx,' aid 
m the G’ag^cs’? It n' be i-- — '_-d tnat o-^ -■a"'e '>rca=’ 0 “*= 

c.na-ges so-^e Cat sen 'a- to ti;"=e -hat oar-- - co-j-ta-y- 1 o-o' — y>ri, 
are ■',.’-0’- taee'ectrr'ca'C c-a-amsc-' — 'la , 
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There is a group of cases in which the early symptoms of the acute 
stage are so mild that they are disregarded and present themselves 
as medical problems only after an embolus has occurred, particularly 
when a hemiplegia results (case 20) Some cases that are diagnosed 
cerebral hemorrhage really fall into tins group The possibility that a 
hemiplegia might be due to a dislodged embolus from a left ventricular 
mural thrombus following a coronary thrombosis, should always be 
considered when it is observed in a patient who has a low blood pres- 
sure Here also a consideration of all the various points taken up 
under diagnosis may be necessary in order to arrive at the correct 
solution of the problem 

There are atypical cases of coronary thrombosis where only extensive 
experience and the application of all available data will be necessary 
to prevent making erroneous diagnoses In particular is this true in 
the occasional instance in which pain does not occur Here there is 
apt to be sudden dyspnea and a feeling of weakness In such cases 
the dyspnea will be found to be out of proportion to the other evidences 
of heart failure (cases 34 and 46) When such a condition is found, 
a low blood pressure, if it was known to be high in the past, together 
with other features like minor changes in the electrocardiograms would 
give one the proper clue 

There remains a final group that is most difficult to recognize, 
namely, where the coronary vessels are slowly narrovung and infarction 
of the heart occurs without any any real acute episode to call attention 
to the condition (case 4) This generally occurs m patients that have 
progressive failure and are regarded as suffering from chronic myo- 


Tig 62 Case 113 Attack February 4, 1926 Note that the curves are essentially 
normal and give no indication of the attack of coronary thrombosis one year before 
Patient still has anginal attacks 

Fig 63 Case 135 Attack January 27, 1927 Note that auricular fibrillation is 
present T 2 has the suggestive rounded and dipped form Died February 7, 1927 
Autopsy showed fresh infarction of left ventricle 

Fig 64 Case 4 Probable date of attack September 3, 1917 Note the low ampli- 
tude of the ventricular complex Every third cycle is a premature ventricular beat 
(P B ) Died September 13, 1917 Autopsy showed typical thrombosis of left coronary 
arten and acute infarction of the ventricle 

Fig 65 Case 115 Attack July 3, 1925 Note the sharp V-shaped inversion of T o 
and the prominent Q 3 Such cun es are frequent a few weeks after the attack Patient 
recovered very satisfactorily and died suddenl> May, 1927 






Fig 66 Case 61 Attack February 26, 1926 The high take off of T 2 does not 
occur in the first tracing, but is most definite three days after the attack Q 3 is also 
noteworthy Patient recovered but two jears later still has anginal attacks 
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carditis Even in tins group it is not unlikely that in the future a more 
painstaking appraisal of all of the features of coronary disease will 
enable us more properly to anticipate these pathological changes 



Tic 67 Case 119 Attack June 11 1924 T 1 is \er) slit.htl> dipped m the first 
«tt of cur\ cs The foUo^\ ing > car the electrocardiograms are essenti'ill> normal Patient 
has done ^\cll for 3^ jears 

lie 08 Case 19 First attack Vugust 26, 1922 and second attack Januar> 14 192^ 
^o^t the decided change m the T wates, after second attack The t>pical high take ofi; 
of 1 3 and the peculiar Q 3 are present Died rebruar> 3, 1923 


V PROGNOSIS 

There are fea\ diseases in which the prognosis in am individual 
case is more difficult to predict than in coronary thrombosis The data 
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Fig 69 Case 52 Attack \pnl 1, 1925 Note the definite change in the form of the 
T waves Patient recovered and has been quite well for 2 \ years 


CORONARl THROilBOSIS 



1 10 70 Case 137 Attack January 10 1927 First tracings taken after attach 
ari 16, 1927, show 2 to 1 heart block Fatient died \ugiist IS, 1927 


here assembled afford sufficient opportunity to make generalitie 
It IS striking that there is hardl> any specific criterion that is de 
or indicative of probable recovery or of the reverse A patieni 
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seem to have had a mild attack and be progressing most satisfactorily, 
having no complaints and showing nothing remarkable on examina- 
tion, and then die suddenly on the fifth to seventh day after the attack 
(case 1) The reverse is true, namely that after a very violent attack 
vith serious complication, recovery can take place (cases 39, 40 and 
133) For this reason the prognosis m all cases must be guarded until 
a few weeks have elapsed, and contrariwise, hope should be held out 
and every effort in the way of treatment should be carried out in the 
face of apparently desperate circumstances 

The general immediate mortality of coronary thrombosis is approxi- 
mately 53 per cent, for of the 143 casesin which the outcome wasknown, 
76 died and 67 recovered How near this figure actually is to the truth 
is questionable, for the cases that die instantly are not seen by the 
ph} si Clan and very likely many milder cases occur that we do not see, 
but these two factors probably counterbalance each other One might 
fairly consider that a patient has an even chance to survive an attack 
of coronary thrombosis After recovery has taken place the average 
duration of life in this series was about 24 months, but this includes 42 
individuals who are still living Another calculation is the length of 
life of those who have died after recovery from the immediate effect 
of the attack Of 19 such patients the average length of life was 22 6 
months One can merely predict at present that when the final out- 
come of the entire senes is known, the average length of life will 
probably be about three years with extreme variation of from a few 
months to ten or more years 

The factor of age is of some importance m the prognosis as far as 
immediate recovery is concerned The average age of those who re- 
covered was 54 7 years, of those who died was 61 0 years, and of the 


Fig 71 Case 3 Attack June 6, 1916 Complete heart block is present Auricular 
rate 143, ventncular 29 Died June 8, 1916 Autopsy showed left coronary artery 
thrombosis and fresh infarction of the vcntncle Ihis was the first case in this series 
correctly diagnosed antemortem 

Fig 72 Case 2 Date of attack in doubt, may have been January 18, 1921 The 
only significant change after the attack is the spread in the Q R S complexes Died 
January 18, 1921 Autopsy showed infarction of the left ventricle 

Fig 73 Case 21 Probable date of attack August 23, 1923 Partial heart block is 
present Died September 26, 1923 Autopsy showed infarction of the apex of the 
left and nght ventncles 













Fig 74 Case 134 ^Vttack December 27, 1926 Transient auricular fibrillation is 
shown on Januarj' 4, 1927 Patient recovered and has done well for one year 
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entire group 57 8 years This would indicate that the younger are a 
little more apt to recover It is also true that having recovered irom 
the attack, the younger are more apt to continue in good health for a 
longer time There is a small group of patients of the age of about 
50 who, having recovered, continue to do well and remain actue for 
more than three years It is essentially this group of patients that 
lends hope to the problem of therapy, because we know that it is pos- 
sible for one to go through even a terrific agonizing attack of coronarj’’ 
thrombosis and make a recovery' that can be considered to be complete 
in the sense that complete restoration of function results and con- 
tinues for years There were in this senes 1 1 patients w ho lived three 
years or more after the attack, of whom four died and the other seven 
are still living Their average age was 52 3 years, and the average 
length of time they lived was 51 1 months Six patients lived four 
y ears or more, of whom five are still hvnng, and tw o arc alive more than 
five years after the attack The above data do not include a small 
number of patients w'hose subsequent histones could not be traced 
The matter of se\ does not alter the prognosis The proportion of 
males to females among the fatal and recovered cases was about the 
same, i e , approximately four to one It is peculiar, however, that 
among the eleven who surv ived for three or more v ears there w ere no 
females Although the group is quite small, it leads one to think that 
after recovery has occurred the females are not apt to remain in good 
health for as long a time as the males 
There is no evidence from this study that a previous or concomitant 
occurrence of glycosuria alters the age at which coronary' thrombosis 
occurs or the prognosis There were 34 such patients, 22 males and 12 
females The average age was 58 1 years w Inch is approximateh that 
of the entire senes, and the immediate mortality was 58 8 per cent 
The same is true of the prognosis in relation to syphilis, although this 
impression rests on very little data There w ere only three cases out 
of 89 that had a positiv c Wassermann reaction, and one other had a 
definite history of a primary lesion Considering these four as luetic, 
the average age w as 52 years One died aged 72 w ith a ruptured heart 
Inother died aged 47 and autopsy' confirmed the diagnosis of coronary 
thrombosis and svphihtic aortitis I third aged 36 recovered and 
has been in normal health for over three v cars since the at tack, and the 
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last one, 52 years old, recovered and has been ^vell now for over five 
months It is interesting that the youngest one of the entire series 
was a luetic aged 36 and he has had a splendid recovery ^ 

Likewise previous hypertension did not affect the age at which 
coronary thrombosis occurred or the mortality There were 58 cases 
m whom it was known that hypertension existed The average 
reading m this group was systolic 190 6 mm and diastolic 109 9 mm 
The average age of these 58 patients was 58 5 years, and the mortality 
was exactly 50 per cent This corresponds very closely with the 
entire 145 cases and quite definitely proves that hypertension does 
not aff ect the prognosis The development of pericarditis only slightly 
altered the outcome Of 20 such cases, 13 died and 7 recovered The 
average age here was 59 3 years It would seem that the prognosis 
was a little more serious for cases developing a pericardial friction rub 
than the general average 

The relation of disturbances in rhj'-thm of the heart and prognosis is 
quite interesting The two most common irregularities were extrasys- 
toles and auricular fibrillation There were 35 of the former, of which 
19 died and 16 recovered, and 34 of the latter, of which 18 died and 16 
recovered The average age of those who developed auricular fibrilla- 
tion was 59 1 years These figures are close enough to the general 

® A case was recently seen by one of us, not included in this senes, in which a severe 
tjTiical attack of coronary thrombosis occurred in a man 24 years old There was no 
evidence of syphilis and the patient recovered 


Pig 75 Case 26 Attack April 9, 1924 Note the high take off of T 1 and T 2 
Patient died A.pnl 23, 1924 Autopsy showed thrombosis of the left coronarj-^ arterj' 
Fig 76 Case 50 Probable date of attack September 19, 1922 The first tracings 
show slight notching of the Q R S waves, which disappeared, and m lead I there is a 
premature beat, probably of nodal origin (P B ) Died December 19, 1922 Autopsy 
showed occlusion of left coronary arterj' and aneurysm of the left v-entncle 

Pig 77 Case 22 Attack October 18, 1923 Transient auncular fibrillation oc- 
curred Died December 3, 1923 Autopsy showed thrombosis of the left coronary 
artery 

Pig 78 Case 64 Date of attack could not be determined Note the notching of 
the Q R S waves Died Ma}" 10, 1926 Autopsy showed both an old and recent infarct 
of the ventricle 

PiG 79 Case 144 Probable date of attack July 25, 1927 Note the presence of 
Q 3 and the rounded and dipped T 3 Died August 7, 1927 Autopsy showed a fresh 
infarct of the left ventricle 




Iic<5 75-79 
333 



334 


SAMUEL A LEVINE AND CHARLES L BROWN 


average of the whole group to show quite clearly that these two 
arhythmias do not aftect the mortality The same m general is true 
of partial heart block, for of the 10 who showed this change, six died 
and four recovered The two patients who had complete heart block 
both died, although a case of this type has come to our attention that 
recovered satisfactorily There remains the group of five cases who 
developed paroxysmal ventricular tachycardia, of whom four died and 
one recovered These last two tjqies of arhythmia (heart block and 
ventricular tach 3 ’-cardia) were seen too infrequently to enable one to 
make generalizations, but there is some reason to regard them as indi- 
cating a graver prognosis, inasmuch as the one probably results from 
an involvement of the interventricular septum where the conduction 
tissue is found and the other indicates a degree of ventricular irritabil- 
it}' that is closely related to ventricular fibrillation 

There are man}'’ other features that are measured less accurately 
which may have a bearing on the likelihood of recovery from an attack 
of coronary thrombosis The seventy and duration of the pain is 
difficult to estimate accurately, but the impression obtained from 
observation of many patients during the acute stages is that the char- 
acter of the pain served as a poor guide to the outcome There were 
quite a few fatal instances m which the pain was comparatively mild 
or of short duration, and vice versa, some m Avhom the pain was beyond 
description recovered satisfactorily The degree of collapse or pros- 
tration is more helpful in estimating the prognosis Unconsciousness 


Tig 80 Case 27 Attack 2ilay 1, 1924 The first set sho^\s transient auricular 
fibrillation Patient recovered satisfactonly, but died suddenly four months later 
Fig 81 Case 37 Attack December 28, 1924 Curves are not remarkable except 
for slight spread of the Q R S waves There is a mmute wave marked X at the begin- 
ning of the T waves that has been thought to be significant Died December 30, 1924 
Autopsx showed infarct of postenor xvall of the left ventricle 

Fig 82 Case 126 Attack Januao^ 11, 1927 Note the sharp inversion of T 3 and 
the rounded form of T 2 Patient recox ered and has done very well for one year 
Fig S3 Tracmgs taken September 21, 1926, and September 30, 1926, from a case of 
chronic glomerular nephritis wnth uraerma The ’phthalein output was 0 and the blood 
urea nitrogen was 217 mgm per 100 cc (September 28, 1926) Had a pencarditis 
September 23, 1926 Note the high take off of the T waxes in all leads, especiallj in 
lead 2 The general form of the T waxe is unlike those found in coronarj thrombosis 
Autopsx- showed no coronar>^ disease or infarction of the heart There was an acute 
fibrinous pencarditis 
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at any time during the illness is rarely recovered from unless it is 
merely momentary When the blood pressure is below 85 mm the 
condition should be regarded as most grave Mental changes like 
delirium or irrational agitation have a similar significance Although 
the degree and duration of the fever and leucocytosis probably indicate 
the extent of infarction of the ventricles and m that sense reflect the 
amount of involvement of the heart, it is surprising how often recovery 
takes place after several days or more of such a reaction While m 
general it is true that an attack that seems mild, as indicated by 
the S3''mptoms of circulator}'’ failure (i e , dyspnea, cyanosis, oedema 
of the lungs, rapidit}'- of the pulse, the level of the blood pressure and 
the appearance of the patient), will have a better prognosis than when 
more severe findings exist, there are numerous exceptions to this rule 
There remains one final consideration to take up that might aid 
in determining the prognosis, namely, electrocardiography Here, 
again, it will be seen that the various changes that are observed do not 
materially affect the immediate outcome There were 14 instances 
where the electrocardiograms were considered to be of small amplitude 
(i e , of low electrical potential) Of these, seven died and seven 
recovered The characteristic changes in the form of the T wave, 
or to be more accurate, of the R-T interval, were much more frequent 
They occurred with equal frequency in leads 1 and 3, and somewhat less 
often m lead 2 The most characteristic type of change was a high 
take-off of the T wave from the limb of the R wave Other changes 
that were considered to be due to coronary thrombosis, but less pathog- 
nomonic, were the rounded form of the R-T interval, with a peculiar 
dip to it, and the sharply inverted V shaped T wave The above 
changes were observed 25 times in lead 1 and 26 times in lead 3 The 
data are not sufficient to draw any generalizations, but it would seem 
that when they occur in lead 1 the outlook is certainly not any more 
serious than m the average case, and possibly it may even be more 
hopeful, for the proportion of recoveries to fatalities was about two 
to one This was also in general true when the T wave changes oc- 
curred m lead 3 A final consideration is the peculiar appearance of 
prominent Q waves in lead 3 These were sometimes transient and at 
other times persistent There were 14 such instances, and of these 10 
recovered and four died This sign in so far as the present series indi- 
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cates, would suggest a more hopeful prognosis than the general aver- 
age The significance of other changes like bundle branch block, 
defective interventricular conduction, etc , could not be ascertained, 
as the}^ occurred too infrequently 

VI THE TREATJIENT OF CORONARY THROMBOSIS 

It V ould be presumptuous at the present stage of our knowledge to 
formulate fixed principles for the treatment of this condition, because 
it is only in recent years that it has been recognized clinically with any 
regularity For this reason, accurate observations extending over 
many years enabling one to compare the results of one method of 
therapy with another are lacking A further difficulty is the abrupt- 
ness of the onset of symptoms, the rapidity of the progress of the dis- 
ease, and the suddenness of the complications that may arise Our 
ideas of treatment, although partly based on experience, which m all 
practice may be fallacious, but particularly so m this connection, will 
need to rest in a measure on a theoretical basis, having m mind the 
pathological physiology of the underlying process and the gross ana- 
tomical changes that are being combated In some matters it will be 
seen that we have knowledge, in others only opinion or judgment, but 
at any event there are certain principles that will help m formulating 
the proper treatment for this condition 

At the outset, the cardinal symptom for which relief should be 
aflorded if possible is the agonizing pain m the chest For this, nitro- 
gl}xerm, which had formerly helped the patient, will generally be use- 
less Large doses of morphine should be given subcutaneously The 
first dose administered should not be less than j gram, and it is useless 
to give it by mouth In many cases it may be anticipated that more 
than this amount will be necessary, so that we have frequently given 
an initial dose of one half grain The morphine should be repeated 
as freely and as frequently as necessary Often a whole gram can be 
given in a few hours It must not be inferred that such large doses 
are always used, as frequently one or two injections of one quarter gram 
afford relief When this is obtained, the acute pain subsides, and al- 
though a dull sense of oppression m the chest may remain, the patient 
IS apt to fall asleep Should the pain return, or even m the absence of 
pain, if there is restlessness and wakefulness, and the respirations 
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have not been particularly depressed by the morphine, it is desirable 
to give a further hypodermic injection to assure rest during the follow- 
ing hours 

In a large number of instances, no other medication is necessary If 
the patient is in extreme agony, and the morphine proves to be of no 
avail, it IS not inadvisable to administer light ether anaesthesia Re- 
cently a case was observed in which this was done in order that the 
patient Avho suffered an attack in the street might be brought home 
(case 116) It produced the desired result without any mishap, and, 
after a long convalescence, he eventually recovered It seems advis- 
able to abbreviate as much as possible the duration of the extreme pain, 
for apart from the relief of suffering that we thereby obtain, the general 
appearance of the patient is apt to be better as the agony disappears 

With the onset of the attack there quickly develops a state of shock 
The patient has a cold sweat, and there is the ashen gray appearance 
that IS quite characteristic The immediate question that comes up is 
the matter of stimulation It is our belief that if the peripheral pres- 
sure IS sufficient to maintain even a comparatively feeble circulation, 
stimulation is to be avoided There are instances where the pulse 
is absolutely or almost entirely imperceptible Here the intraveneous 
or intramuscular administration of large doses of caffeine sodium ben- 
zoate (0 5 to 1 0 gram), strophanthm, or adrenalin intramuscularly 
may be carried out But in most cases, although the patient is in 
shock, the blood pressure will still be sufficiently high If the blood 
pressure is 100 mm or over, it is our belief that the relief of pain is all 
that IS needed and that one should avoid stimulation if possible The 
body, however, should be kept warm by the suitable use of blankets 
and heating appliances 

A consideration of what is taking place within the heart during the 
first hours and days of the attack is necessary to clarify and rationalize 
the treatment At the outset a coronary vessel is partially or com- 
pletely occluded with the resultant s)anptoms of pain and collapse 
That portion of the ventricles that was supplied by that vessel begins 
to undergo infarction Although the process probably begins directly, 
the important secondar)’- changes like softening, rupture, local mural 
thrombus formation, and local aneurysmal formation take days to 
develop It is mainly with regard to the dislodgment of an embolus 



CORONAR\ THROMBOSIS 


341 


from the ventricular thrombus and the rupture of the ventricle that 
stimulation of the heart is to be avoided The more forcefullj'^ the 
heart contracts, the more likely it i\ould seem that either of these ti\o 
catastrophies might occur It is logical, therefore, to welcome a slug- 
gish contraction of the heart provided the circulation be sufficient 
to prevent local stagnation and thrombosis and marked anoxemia 
Inasmuch as rupture of the heart or embolic phenomena are not apt 
to occur the first few hours or even the first day of the attack, the 
problem of stimulation is different at this time than it is several 
dai s later Whereas it may be necessary and safe to stimulate at the 
onset, it IS generally inadvisable after the first day or tv o 

■Vs m all heart conditions, the possible use of digitalis must be be 
considered We havem general entirely avoided the administration of 
digitalis One reason for this is that it is undesirable to stimulate the 
heart Secondly, not much is to be hoped for from digitalis for under 
circumstances that prevail during an acute attack, the heart is regular 
and its rate will be little it at all influenced by digitalis Finallj , 
digitalis may possibly make more irritable a ventricle that is already 
irritable as is shown by the occasional development of ventricular 
tachj cardia If the latter effect of digitalis is real the possibility of 
ventricular fibrillation and death would be greater in the digitalized 
than in the undigitahzed patients It is true, furthermore, that many 
of our most successful recoveries have taken place m those cases v here 
no digitalis whatever w as used 

The problem is quite different during the first hours When the 
patient is in collapse and the pulse imperceptible, there is as yet no 
danger of rupture or emboli and vigorous stimulation seems louical 
V\ hat IS actually accomplished it is very difficult to appraise IVIanx 
things are often done in quick succession in the hope that one of them 
might prove helpful, and if the patient improves we are at a loss to 
know which one of the drugs, if anj, was effective There is some 
basis however, for believing that caffeine, adrenalin and intraecnous 
strophanthin may be of help The caffeine could be acting as a stimu- 
lus to the respiratorj center, and in man^ instances there is marked 
dtspnea, the strophanthin or adrenalin might be exerting a supportive 
influence on the circulation During these earlj davs there are in- 
staiiceswhere oedemaof the lungs, respirator) distress and cv anosis ire 
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have not been particularly depressed by the morphine, it is desirable 
to give a further hypodermic injection to assure rest during the follow- 
ing hours 

In a large number of instances, no other medication is necessary If 
the patient is in extreme agony, and the morphine proves to be of no 
avail. It IS not inadvisable to administer light ether anaesthesia Re- 
cently a case was observed in -which this was done in order that the 
patient who suffered an attack in the street might be brought home 
(case 1161 It produced the desired result without any mishap, and, 
after a long convalescence, he eventually recovered It seems advis- 
able to abbre^nate as much as possible the duration of the extreme pain, 
for apart from the relief of suffering that we thereby obtain, the general 
appearance of the patient is apt to be better as the agony disappears 

With the onset of the attack there quickly develops a state of shock 
The patient has a cold sweat, and there is the ashen gra}”- appearance 
that IS quite characteristic The immediate question that comes up is 
the matter of stimulation It is our belief that if the peripheral pres- 
sure IS sufficient to maintain even a comparatively feeble circulation, 
stimulation is to be avoided There are instances where the pulse 
IS absolutel}’- or almost entirely imperceptible Here the mtraveneous 
or intramuscular administration of large doses of caffeine sodium ben- 
zoate (0 5 to 1 0 gram), strophanthin or adrenalin intramuscularly 
may be carried out But in most cases, although the patient is in 
shock, the blood pressure will still be sufficiently high If the blood 
pressure is 100 mm or over, it is our belief that the relief of pain is all 
that IS needed and that one should avoid stimulation if possible The 
body, hoAvever, should be kept warm by the suitable use of blankets 
and heating appliances 

A consideration of what is taking place within the heart during the 
first hours and days of the attack is necessarj’- to clarify and rationalize 
the treatment At the outset a coronary vessel is partially or com- 
pletety occluded with the resultant symptoms of pain and collapse 
That portion of the ventricles that vas supplied by that vessel begins 
to undergo infarction Although the process probably begins directly, 
the important secondar}" changes like softening, rupture, local mural 
thrombus formation, and local aneur 3 '^smal formation take days to 
develop It is mainty with regard to the dislodgment of an embolus 
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from the ventricular thrombus and the rupture of the ventricle that 
stimulation of the heart is to be avoided The more forcefully the 
heart contracts, the more likely it would seem that either of these two 
catastrophies might occur It is logical, therefore, to welcome a slug- 
gish contraction of the heart provided the circulation be sufficient 
to prevent local stagnation and thrombosis and marked anoxemia 
Inasmuch as rupture of the heart or embolic phenomena are not apt 
to occur the first few hours or even the first day of the attack, the 
problem of stimulation is difterent at this time than it is several 
da\ s later Whereas it may be necessary and safe to stimulate at the 
onset, it is generally inadvisable after the first day or tw o 

As m all heart conditions, the possible use of digitalis must be be 
considered We have in general entirely avoided the administration of 
digitalis One reason for this is that it is undesirable to stimulate the 
heart Secondly, not much is to be hoped for from digitalis for under 
circumstances that prevail during an acute attack, the heart is regular 
and Its rate will be little if at all influenced by digitalis Finally, 
digitalis may possibly make more irritable a ventricle that is already 
irritable as is shown bv the occasional development of ventricular 
tachi cardia If the latter effect of digitalis is real the possibility of 
ventricular fibrillation and death would be greater m the digitalized 
than in the undigitahzed patients It is true, furthermore, that many 
of our most successful recoveries have taken place in those cases where 
no digitalis whatever was used 


The problem is quite different during the first hours When the 
patient is m collapse and the pulse imperceptible, there is as yet no 
danger of rupture or emboli and vigorous stimulation seems logical 
IWiat IS actuallj accomplished it is very difficult to appraise Manv 
things are often done in quick succession in the hope that one of them 
might prove helpful, and if the patient improves we are at a loss to 
know which one of the drugs ,f any, was effective Ihere is some 
basis however, for believing that caffeine, adrenalin and intravenous 
trophanthin ma> be of help The caffeine could be acting as a stinm 
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prominent Under such circumstances, the inhalation of oxj^gen, pref- 
erably administered by means of an oxygen tent, may be of benefit 
merely as an aid in obtaining a better aeration of the blood The value 
of oxygen cannot be great, but nevertheless it may make the patient 
more comfortable and ameliorate the symptoms of dyspnea and cyano- 
sis, as it does in pneumonia 

If there develops evidence of congestive heart failure, such as pitting 
oedema of the legs, engorgement of the liver, h5’-drothorax and the 
like, which is most apt to happen after the first two weeks and after 
the danger period of rupture of the heart and embolic dislodgment, 
it IS best to digitalize the patient just as one does under similar circum- 
stances when any patient has general circulatory insufficiency This is 
particularly true if persistent auricular fibrillation occurs as occasion- 
ally happens In other words, following an attack of coronary throm- 
bosis, the problem of ordinary heart failure may need to be met with, 
and all the measures ordinarily employed, including phlebotomy, 
digitalis and diuretics are then to be used 

The treatment of coronary thrombosis is mostly concerned with the 
care of the complications that arise One of the more uncommon 
occurrences is the development of complete heart block and attacks 
of syncope For this particular condition the intramuscular injection 
of adrenalin is distinctly indicated, inasmuch as such attacks are apt 
to last only a short time and are quite beneficial^ influenced by 
this drug Should recurrent attachs of Adams-Stokes syncope de- 
velop, barium chloride may be tried according to the methods recently 
described (68) 

There is one unusual complication of coronary thrombosis, which 
although rare is quite important because if unrecognized or improperly 
treated may m itself prove fatal, whereas under proper medication 
recovery can take place This is the inception of ventricular tachy- 
cardia Any sudden rapid heart rate, if maintained over a long period 
of time, will enfeeble the already damaged circulation to a disastrous 
extent The most common t^qie of such a paroxj’-sm of rapid heart 
action IS an attack of transient auricular fibrillation which generally 
lasts only several hours, and is not particular!}^ disturbing A rarer 
type of disturbance IS parox}'-smal ventricular tachycardia, winch again 
may be transient, only lasting a few hours At times, however, tins 
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may continue for days and then becomes most serious The clinical 
bed-side recognition of this condition has been considered m the past 
either very difficult or impossible, requiring accurate interpretation of 
electrocardiograms Recently, however, several clinical features that 
can be detected at the bed side have impressed us so that probable 
diagnoses have been made which were proved to be correct by subse- 
quent electrocardiograms The criteria that enable one to make this 
bed-side diagnosis were taken up in detail above under the discussion 
of the arrhythmias and, therefore, will not be gone into here 
When the complication of ventricular tachycardia develops the 
proper treatment is quinidine There is no other drug that is known 
to have any beneficial effect on it Digitalis has proved to be of no 
value, and there is some reason to feel that it may even tend to per- 
petuate It Scott (69) first called attention to the specific beneficial 
effect of qumidine on ventricular tachycardia, and w e have had similar 
results (64) A very recent experience illustrated most dramatically 
the great importance of the proper use of quimdme in this condition 
A man of S8 had had a terrific attack of coronarj thrombosis and dur- 
ing the third week suddenly dev'eloped a heart rate of about 200, 
uninfluenced bv vagal pressure The rhvthm w as quite regular, but 
slight pauses were definitely detected, and there was a marked pulse 
deficit The inteiisit> of the heart sounds varied from time to time 
and the bed side diagnosis of ventricular tachycardia w as made w hich 
was confirmed bv electrocardiograms 1 he patient s condition quickly 
grew worse Increasing doses of quimdme sulphate were giv'en with- 
out any noticeable effect, until the single dose of 1 0 gram vi as reached 
At this point it was noted that the occasional pauses were longer and 
more frequent so that the heart rate fell to about 175 I he electro- 
cardiogram showed that wliereas most of the beats were v'entiicular 
in origin, occasional normal supraventricular beats were appearing 
(fig 61) 1 he patient’s condition w as quite low , the pusle w as imper- 

ceptible, and the only hope lav m the possibilitj of breaking th it rapid 
ventricular rate He was therefore given 1 i grams of qumidine sul- 
phate live times a dav', and the normal mechanism was established, 
the heart rate falling to about 100 Ihc tachvcaidia had lasted 72 
hours Tor a dav or so after this, on oniittmg the drug, the tacln- 
cardia reappeared Qiiimdme was again given and the heart rate 
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returned to normal After several days the drug was omitted entirely, 
and this time the rhythm remained normal This patient recovered 
satisfactorily despite the fact that during the most critical times the 
prognosis seemed absolutely hopeless One is warranted here in say- 
ing that the extreme doses of qumidine were probably life saving m this 
case Quinidme sulphate, however, must be used with care and intelli- 
gence, for It IS a double edge sword , it can kill as well as cure 

Apart from medication there is one procedure that should from a 
theoretical point of view add distinctly to our therapeutic agents, and 
that IS the administration of ox3'-gen Cyanosis and oedema of the 
lungs are common features m acute coronary thrombosis The en- 
feebled circulation with its secondary changes in the lungs must pro- 
duce a distinct anoxemia or oxygen want It would seem that the 
administration of oxygen in high concentration should prove helpful 
We used the oxygen tent in the treatment of one of our cases and here 
the element of cyanosis was quite distinctly and rapidly improved, 
although the patient died with a ruptured ventricle some days later 
Despite this single fatal outcome, there is every reason to advise the 
use of oxygen when it can be administered without particularly dis- 
turbing the patient 

There are other less impressive but none the less important points m 
the treatment of coronary thrombosis that deserve mention Good 
nursing care is most essential The patient’s mind and body should 
be put at rest in the best possible manner Visitors should be entirely 
avoided or at least restricted to one or two individuals Long con- 
versation or elaborate examination should be refrained from unless of 
direct value to the patient During the first few days fluids should be 
given freely as the patient may become dessicated from the marked 
perspiration The food is best confined to a milk diet and later other 
liquid and soft solid nourishment maj’- be added During the early 
daj^s of the attack as a result of the large doses of morphine, the bowels 
are apt to become quite constipated It has seemed best not to force 
any bowel movement for about 48 hours, and then to have the bowels 
move by enemata if necessary A mild daily cathartic may then be 
given to prevent dessication of the stools and resultant straining that 
at times is ver}^ disturbing and exhausting The nurse should be care- 
fully instructed to do everything in her power to aid the patient m any 
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physical activity so that all possible movements such as feeding him- 
self or lifting himself in bed are spared It would be helpful if the nurse 
were trained to use a stethoscope, as they are in some hospitals, and 
follow carefully the rate and rhythm of the apex beat In this way 
important changes in the heart mechanism would be detected sooner 
and more quickly treated Finally, the patient should be urged to 
spend at least six weeks, and preferably eight weeks or more, absolutely 
in bed 

VII PATHOLOGICAL CONSIDERATIONS 

In the consideration of infarction of the heart from the point of 
view of morbid anatomy, the relationship of coronary disease to the 
infarction has long been understood Weigert (70) in 1880 showed 
that infarction of the heart Avas analogous to infarction in other organs 
Ziegler (71), in 1880, introduced the term of myomalacia cordis in 
referring to infarction of the heart In the extensive literature of 
the pathology of heart disease, and particularly under that of angina 
pectons and coronary sclerosis, many authors were responsible for the 
splendid descriptions of the lesions of infarctions of the heart and 
these papers provided additional cases which might be valuable in a 
statistical study It is unnecessary to undertake a review of all such 
papers in a work of this kind It seems quite logical that studies of 
the coronary circulation and attempts to produce cardiac infarction 
experimentally would follow these pathologic studies 

In 1881 Cohnheim and von Schultess-Rechberg (72) studied the 
pathologic anatomy in experimental coronary infarction in dogs and 
emphasized the conception of the coronary artery as an end artery 
Porter (73, 74) in 1894 and 1896, was among the earlier uorkers to 
study experimental coronary infarction In 1907, Hirsch and Spalte- 
holtz (75) reported some experimental studies on dogs and shoved 
that the coronaries anastomose with each other, in contradistinction 
to the nev of Cohnheim and von Schultess-Rechberg In more 
recent jears the work of Gross (76), Wcarn (50, SI) and others has 
demonstrated the remarkable anatomical features of the circulation 
of the heart The expcnmental study of coronary mfarction has been 
continued in recent years by Smith (77), Miller and Matthevs (78) 
and Karsner and Deivyer (79) The last mentioned authors published 
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a splendid study of the gross and microscopic pathologic changes in 
experimental infarction in its various stages The following is an 
account of the autopsy findings of our series, and it is presented mainly 
from the point of view of its aid in understanding the clinical problems 
involved in this disease 

The proper function of any tissue or organ is so dependent upon an 
adequate blood supply, that it is to be expected that any impairment 
in the circulation, whatever its nature, will be accompanied by char- 
acteristic pathologic findings and by more or less typical chnical fea- 
tures Pathologists have long been familiar with the findings in 
infarction of the heart and early descriptions are found embodied 
in the extensive literature on coronary sclerosis and angina pectoris 
Since not all patients suffering from coronary thrombosis succumb 
to the immediate insult of the attack, the pathologic study at 
once provides a greater interest than the mere recognition of the 
locahzed lesion at the necropsy table The correlation of pathologic 
findings with the sequence of events enables us to anticipate not only 
the possible variations in the chnical picture, but the probable time 
relationship of such changes An understanding of all possibihties 
in the pathologic process must lead to a more intelhgent prognosis and 
rational therapy 

Post-mortem examination was performed on 46 cases of this series, 
of these 31 were males and 15 females The ages represented in these 
cases were as follows* one case under 40, four cases from 40 to 49, 13 
cases from 50 to 59, 19 cases from 60 to 69, eight cases from 70 to 79, 
and one case that was 80 The average age in the males was 61 3 
years, the youngest being 39 and the oldest 80, the average age in 
the females was 618 years, the youngest being 41 and the oldest 7 6 

The striking and most characteristic lesion in all cases was the 
localized area of damaged heart muscle, the infarction itself The 
most frequently encountered type was the recent infarction, this 
includes those cases showing acute and subacute pathologic changes, 
namely, extravasation of blood mto the muscle tissue, necrosis and 
early repair by connective tissue proliferation Here the classical 
pathologic picture was found The line of demarcation between the 
infarcted and the uninvolved muscle was usually sharp, both in color 
and consistency The muscle within the infarction appeared reddish 



CORONARY THROMBOSIS 


347 


purple with a variable degree of yellowish mottling, and was softer 
in consistency than the unmvolved muscle The deepness of the 
reddish purple coloring was dependent on the degree of extravasation 
of blood into the tissues while the mottling vaned with the degree of 
necrosis The softening was most marked when necrosis was greatest 
The appearance of the infarcted area depends quite definitely on the 
time that elapses betti een the attack and death In this series of cases 
It was possible from the history and character of the pain to determine 
the time of onset in 24 cases The time interval between the onset and 

death varied from 24 hours to several months Twenty of these cases 
died within 30 days after the onset of the attack During the first 
day the infarcted muscle would appear deeply red, this was largely due 
to extravasation of blood into the muscle Some degree of necrosis of 
muscle fibres would be present also The features due to extravasa- 
tion of blood remained persistent for many days, but were particularly 
marked during the first three or four days Necrosis of the heart muscle 
was a prominent feature from the beginning but from the fourth day to 
the end of the third week it was the predominating feature This is 
a very satisfactory explanation of the occurence of rupture All of 
the ruptures, with exception of one which occurred through an aneurys- 
mal dilatation, occurred within two weeks after the onset of the attack 
Six out of nine cases of rupture occurred in the interval of from five to 
fourteen days after the onset, this is the period during which necrosis 
IS most marked and the muscle softest Occasionally during this 
period some degree of liquefaction is grossly noticeable so that there 
IS the appearance of multiple mihary abscesses m the heart wall in the 
infarcted area Some necrosis may be present for several weeks 
Repair by connective tissue proliferation is demonstrable as early as 
the sixth or seventh day Connective tissue replacement of damaged 
muscle, however, is not a striking feature until after the third week 
It would seem that more than five weeks is required for cicatrization to 
develop adequately to prevent possible rupture (see case 16) i Firm 
healing by vascularized scar tissue was observed eight u eeks after the 
onset of the attack So, even m this small group of cases, there are 
sufficient data to expect rupture rarely before the fifth day after the 
attack It also follows that rupture is most likely to occur during the 
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boundanes of the portions of the heart supplied by the left coronary 
and the right coronary arteries are not sharp because their branches 
overlap and there are abundant anastomoses between the left and 
right coronary arteries in their capillary and precapillary distnbution 

“The nght coronary artery in the typical average heart supplies the entire 
right ventricle iiith the exception of the left third of the anterior uall 
Besides this, its raim ventncukres sinistri supply the nght half of the 
posterior wall of the left ventncle, and a small stnp of the interventncular 
septum The left coronary artery, on the other hand, supphes the whole 
remaining part of the left ventricle, the small left antenor portion of the 
right ventncle not supplied by the nght coronary artery, and a small an- 
tenor stnp of the interventricular septum The areas of junction on the 
posterior surface of the left ventricle and on the antenor surface of the nght 
ventricle, where these divisions meet, are supphed by both vessels Thus, 
the intervening portion of the interventricular septum is supphed by 
branches from the ramus descendens posterior dexter and ramus descendens 
antenor sinister ” (The Blood Supply to the Heart, Louis Gross, Paul B 
Hoeber, N Y , 1921, pp 23, 24, 25 and 89 ) 

In this series of 46 cases the infraction was found within the distnbu- 
tion of the anterior descending branch of the left coronary m 39 cases 
(84 7 per cent) , in the distribution of the circumflex branch of the left 
coronary in four cases (8 6 per cent), in the distribution of the right 
coronary artery in two cases (4 3 per cent) In the remaining case 
(case 37) the infarction involved a large portion of the posterior wall of 
the heart, the left ventncle more than the right, and also the left side 
of the interventncular septum In this heart, the claafication of both 
the nght and left coronaries was marked, and in the absence of definite 
thrombus it was difficult to ascnbc the infarction to either vessel 
The left seemed more at fault, at the division into the circumflex and 
antenor descending branches the calcification was so marked that the 
lumen in the circumflex w as no larger than a small bnstle In the cases 
of blocking of the anterior descending branch of the left coronary the 
infarction most often occupied the anterior portion of the left ventricle 
in the region of the apex or slightly medial to the apex In 14 of these 
39 cases, the interventncular septum was involved to a vanable degree 
In three of the 39 cases (which also showed septal involvement) the 
antenor left portion of the right ventncle w as also affected Wien the 
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circumflex branch was obstructed, the infarction occupied the posterior 
portion of the left ventricle, usually fairly well toward the interventric- 
ular septum However, m none of these cases was the septum in- 
volved In one of the cases (case 5), where the right coronary was 
obstructed, both the right ventricle and the left ventricle, as weU as 
the septum, were involved and the infarction was found largely on the 
diaphragmatic surface and extending toward the apex In this case 
the blood pressure remained high (systolic 170 and diastolic 110) and 
there was no chest pain In the other case of right coronary block 
(case 49) the infarction was in the right half of the posterior wall of the 
left ventricle and did not involve the septum This last instance 
illustrates that infarction in the posterior wall of the left ventricle 
may arise from obstruction of the right coronary artery In this case 
the blood pressure was low (systolic 115 and diastolic 70) and there 
was no chest pain with the attack The fact that the infarction 
occurred in the left ventricle as a result of a thrombosis of the right 
coronary artery and that even rupture of the left ventricle took place 
in this case would make it seem questionable whether antemortem 
diagnoses can be made predicting which coronary artery is thrombosed 
The size of the infarction obviously must be of great importance 
It would seem that the larger the infraction the more fatal the disease 
is likely to be However, one can readily understand how the con- 
verse of this need not necessarily be true, as for example, a very small 
area deprived of its nutrition in a more vital portion of the heart struc- 
ture might prove more quickly fatal than a much larger infarction at 
some other point One can only guess about the size and location of 
the infraction in cases that recovered or did not come to autopsy In 
this series of 46 cases the size of the infarcted area ranged from 2 to 
8 cm in greatest dimension, the average being from 3 to 5 cm In 
the 24 cases in which the onset of the infarct seemed accurately timed, 
the size and location of the infarction could be found to bear no defi- 
nite relationship to the length of life after the infarction occurred 
The area of infarction may or may not be extensive enough to 
involve either the pericardial or endocardial surface It has been 
said that when the infarct is not extensive enough to involve the entire 
thickness of the cardiac wall, the area of damaged heart muscle is likely 
to be wider toward the pericardial surface than toward the endocardial 
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surface The best evidence of endocardial or pericardial involvement 
IS the presence of mural thrombosis or pericarditis, respectively The 
ages of these lesions depend upon the age of the muscular lesion with 
V hich they are associated In only three out of 46 cases were both the 
endocardial and pericardial surfaces undamaged over the area of 
infarction In the remaining group of 43 cases mural thrombosis was 
much more common than pericarditis Thirty-eight cases showed 
mural thrombosis over the area of infarction and 24 cases showed 
pericarditis grossly All nine cases of rupture are included in this 
group with pericarditis, and here four cases had a very definite peri- 
carditis, while m the remaining five the pericarditis could be recognized 
only because the clot was somewhat adherent over the area of infarc- 
tion about the rupture In the 38 cases with mural thrombosis there 
werel9cases inwhichno pericarditis m as present, m the 24 cases with 
pericarditis there were only four cases in which there was no mural 
thrombosis In siv out of the 38 cases in m hich mural thrombosis was 
present a thrombus was found in both the left and right ventricles, in 
all of these instances the area of infarction involved the interventricu- 
lar septum 

The occurrence of infarction of the heart presupposes a basic lesion 
of such a character that m its development the lumen of the coronary 
artery was entirely or partially occluded, somewhere along its course 
Arteriosclerosis of the coronary artery was almost always the causative 
basic lesion In some instances the degree of coronary artenosclerosis 
was found to be out of all proportion to the degree of arteriosclerosis 
elsewhere m the body The localization of the sclerotic process m the 
heart itself was just as striking A single small area of atheroma upon 
which a thrombus formed, was in many instances the sole arteriosclero- 
tic lesion throughout the coronary vascular tree In these cases little 
or marked artenosclerosis might be found in other parts of the bodj 
In contrast to the above pathologic changes there vere a few cases in 
which the only vascular finding was a vanable degree of arterioscle- 
rosis present diffusely, particularly in the smaller coronary branches, 
mthout any demonstrable localized atheroma or thrombus to account 
for the infarction In this last type the ordinary picture of diffuse 
coronary sclerosis and chronic fibrous myocarditis Mas more likely to 
be found m the heart muscle outside the infarction Perhaps this 
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group provides many of the atypical cases, i e , infarction without pain 
and infarction occurring in the course of heart failure However, in 
some cases where there was no pain accompanying the infarction, a 
definite occlusion from thrombosis was found at necropsy (cases 6 and 
46). Such vagaries of distribution still remain a mystery in the 
behavior of arteriosclerosis 

Syphihtic arterial disease seemed to play an important role in the 
production of infarction of the heart in a few instances As a part of an 
extensive S5rphilitic aortitis the onfices of the coronaries may be par- 
tially or entirely occluded When occlusion does occur the clinical 
picture is not different from that seen m cases of obstruction due to 
simple arteriosclerotic processes The pathological changes of arterio- 
sclerosis as well as that ordinarily ascribed to syphilis may be present 
in the same vessel As brought out in the clinical discussion m this 
paper, the pathologic study would tend to show that syphihs alone is 
an infrequent cause of infarction of heart muscle As a third cause of 
infarction, embolism must be mentioned, as for example, a detached 
bit of vegetation from bactenal endocarditis No such instance 
occurred m this series, but there are rare examples reported 

In this study some degree of arteriosclerosis was found in the coro- 
nary system in every instance, most of the cases showed moderately 
to a markedly advanced lesions In only one case (case 64) were there 
very slight sclerotic changes Three other cases (cases 2, 14 and 59) 
showed moderate sclerosis, but there was little or no alteration in the 
size of the lumina of the vessels In this group of 46 cases the point 
of occlusion was demonstrated in 35, a definite thrombus was the 
cause of the infarction m 23 cases, and in 12 the occlusion was due to 
the narrowing of the lumen of the arteriosclerotic vessel In every 
instance where a thrombus was demonstrated, it was found to be at- 
tached to an underlying arteriosclerotic process All of the features 
of arteriosclerosis were encountered, namely, tortuosity of vessels, 
inelasticity or rigidity of vessel walls, connective tissue proliferation, 
deposition of calcium salts and cholesterol, formation of atheromata 
with necrosis of the surface and thrombus formation In one instance 
(case 21) in addition to other arteriosclerotic lesions, a small aneurysm 
was found in the circumflex branch of the left coronary. Syphihtic 
aortitis, as determined by histologic findings, was present in two 
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instances, cases 58 (Wassermann positive) and 66 (Wassermann 
negative) In both of these cases definite arteriosclerosis was also 
present, and in neither was the point of occlusion found 
The point of occlusion was found in various locations anywhere along 
the course of the vessels from their orifices, as a result of extensive 
aortic disease, to the very small arterial branches Generally the 
nearer the orifice the block occurred the larger was the area of infarc- 
tion likely to be However, the area of damaged muscle w as never as 
large as would be expected, taking into consideration the level of the 
closure and the area supplied by the vessel distal to the block This, 
of course, is accounted for by the collateral circulation and anasto- 
moses Wearn (51) has reported some extraordinary cases in which 
both coronaries were entirely occluded at their orifices by aortic dis- 
ease, and no infarction occurred Death in both instances was sudden 
and the patients had previously been able to do a considerable amount 
of work He ascribed the ability of these cases to maintain an ade- 
quate circulation to the aid given by the Thebesian vessels It 
IS reasonable and logical to suppose that when narrowing of the coro- 
nary arteries comes on gradually the Thebesian vessels may during this 
process take on this function of nourishing the heart, and in that way 
prevent the acute phenomena of sudden infarction of the heart 
When the antenor descending or circumflex branches of the left coro- 
nary were the involved vessels, the occlusion was usually found within 
two centimeters distally to the bifurcation of these vessels This was 
such a predominant location as to suggest that this region is particu- 
larly vulnerable to the development of an obstructive condition 
Enlargement of the heart is considered to be one of the best evi- 
dences of cardiac disease , this is particularly true in heart disease of a 
chronic nature Cardiac infarction is acute in its symptomatology, 
but however acute the onset it must necessarily be an accident develop- 
ing m the course of a chronic process (with the exception of the rare 
instances of embolism into the coronary artery) The question arises 
as to whether infarction ever occurs m a heart that is normal m size 
Because m many of these cases the patient’s condition was such as to 
entail an unnecessary hazard m getting the body w eight, we have not 
the data to determine the body weight-heart weight ratio We have, 
however, accepted the standard that an adult female’s heart weighing 
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more than 350 grams and an adult male’s heart weighing more than 
400 grams are enlarged In this series, in the females, the smallest 
heart weighed 260 grams, the largest 550 grams, with an average weight 
of 403 grams, in the males the smallest heart weighed 400 gr am c; and 
the largest 810 grams, with an average weight of 557 grams. Accept- 
ing the above criterion of enlargement the hearts were not enlarged 
in five (10 8 per cent) of 46 cases 

It would be expected that in some instances we might come across 
cases in which recovery took place after one attack of cardiac infarction 
and that death occurred after a subsequent attack It is conceivable 
that even more than two infarctions might occur in a single heart In 
SIX of the 46 cases in this series there were both old and recent lesions 
Not more than two infarctions were present in any heart These 
cases seemed to follow no definite rule as far as the clinical picture was 
concerned There might be no clinical story of the old infarctions, 
with a typical picture of coronary thrombosis to account for the recent 
lesion Congestive heart failure might be present for months before 
the occurrence of the typical picture of infarction to account for the 
recent lesion found at autopsy Both attacks might be associated 
with the typical pain and other findings, or there mightbe no pain at 
any time and the first or subsequent attack be signalled only by the 
presence of myocardial failure It was impossible to determine ac- 
curately the time interval between the old and recent infarctions be- 
cause of the at 3 q)ical clinical features, but in all instances, with the 
possible exception of one, it seemed probable that the second infarction 
occurred within one year after the first In four cases the old and the 
recent mfarctions occupied ividely different areas of heart muscle, 
and these were the best examples of recurrence In two cases large 
scars were found within the area of recent infarction, and in these 
hearts there was no general scarring outside the area of infarction 
This latter t 3 q)e of lesion might be considered as a delayed extension 
rather than a recurrence In spite of the fact that two infarctions 
were found in the same heart, it could not be said that any more 
extensive arteriosclerosis was present than in some of the hearts 
showing only one infarction 

Healing of an infarction takes place by connective tissue prolifera- 
tion and replacement of the damaged muscle by scar tissue This cica- 
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tri\, because of its size and strength, may or may not be sufficient to 
support the circulation The scarred area may become very much 
thinned out and even develop into an aneurysm of the wall of the heart 
(cases 28 and 50) Nearly always mural thrombosis took place 
in the pouch of the aneurysm Rupture may occur through the aneu- 
rysm (case 16) In this study there were eight cases in which there 
was a single infarction, old in nature, and m which healing had prog- 
ressed to an advanced stage The clinical picture was so atypical in 
many of these cases as to make it impossible to determine the time 
of infarction In this group it was common for the actual event of 
infarction to be entirely masked by congestive heart failure It 
would seem that the infarction occurred in the course of congestive 
failure in five of the cases, and could be said definitely to have devel- 
oped after the infarction in three cases 

Congestive heart failure and cardiac infarction may be assoaated 
with two different sets of circumstances, firstly, the myocardial insuffi- 
aency that follows in the wake of an infarction that has been extensive 
enough to impair the circulation, and secondly, the development of 
infarction as an inadent in the course of congestive failure due to some 
such conditions as so-called chronic myocarditis Striking examples 
of each were encountered in this study In the group representing 
the latter very often the occurrence of the infarction was almost or 
entirely masked by the picture of congestive heart failure, and this 
group furnishes many of the cases in which the diagnosis is difficult or 
impossible 

Most of the complications whicli may be associated with cardiac 
infarction have been mentioned already in some way in this section 
Mural thrombosis occurred in a very high percentage of cases, and 
provided a nch source of embolism Of course the thrombus which 
results directly from the infarction is attached to the area of damaged 
muscle Emboli arising from mural thrombosis were found to lodge 
more frequently in the spleen, kidneys, brain and lungs than in any 
other parts of the body Hematuria due to infarct of the kidney, 
hemiplegia due to cerebral embolism, infarcts of the spleen, with sudden 
pam in this region, and hemoptysis due to infarction of the lung ma> be 
explained on the basis of embolism In one instance (case 136) the 
embolism lodged in the right popliteal artery causing gangrene 
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Embolism lodging in the general arterial circulation would necessanly 
arise from the left side of the heart, while that affecting the pulmonary 
circulation would arise from the right side of the heart, providing there 
was no septum defect present Effort has been made to determine by 
chnical criteria whether the left or right coronary artery was the site 
of the obstructive lesion causing the infarction Embolic phenomenon 
would seem to supply some evidence However, it is clear that this 
evidence may be fallacious because of the distribution of the coronaries; 
if the septum is involved in the infarction a thrombus may be formed 
in either the right or left ventricles or both as a result of a thrombosis 
of only the left coronary artery Pulmonary infarction is not, there- 
fore, critical evidence that the right coronary artery is occluded Also 
mural thrombosis in the auricles may be found coincidentally In this 
regard there were seven instances in the right auricle and two in the 
left 

Pericarditis occurred frequently but by no means invariably. 
There was gross evidence of it m 24 cases It is a sterile process, 
except in a rare instance, and usually fibrinous in character with little 
serum Not over 150 cc of fluid were found in any case with pericardi- 
tis except in two instances where 1000 cc and 400 cc were found, and 
here it seemed that congestive heart failure may have accounted for 
the hydropencardium The number of ruptured hearts in this series 
seems rather great, nine in 46 cases or about 19 per cent Hemopen- 
cardium was always present, and as much as 750 cc of blood (case 
16) was found in the peri cardial sac Other complicating features en- 
countered were congestive heart failure and pulmonary edema 
Aneurysm of the wall of the ventiicle at the site of the infarction 
was found in three cases (nos 16, 28, and 50) 

A survey of these 46 autopsies to determine any possible relation- 
ship of pain to anatomic or pathologic features is very interesting 
Twenty-four cases had pain as a part of the chnical picture In 22 
of these the closure was in the anterior descending branch and in one 
in the circumflex branch of the left coronary In the remaining 
case (case 37) the calcification of the coronaries was so marked that, 
in the absence of definite thrombus, it was difl&cult to ascribe the 
infarction to either vessel, the circumflex branch of the left seemed 
most at fault It might therefore be said that in all of those in which 
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pain M as a symptom there was occlusion somewhere of the left coronary 
artery In neither of the cases of nght coronary closure was there 
pain Left coronary closure, however, was not always accompanied 
by pain as there were 20 cases without pain, 17 of these having the 
antenor descending branch and three the circumflex branch occluded. 
In some of these cases, to be sure, it was difficult to obtain an accurate 
description of the symptoms as the patients were too ill, and pain may 
w'ell ha\ e been present These are others, however, in which pain was 
quite definitely absent 

It had been thought that a sudden blocking of the circulation due to 
thrombus formation is more likely to be accompanied by pain than if 
the occlusion occurs as a result of a gradual arteriosclerotic process 
In 16 of the 24 cases, closure was due to thrombosis, in the other eight 
to arteriosclerotic thickening There were seven cases with closure 
due to thrombosis in w hicli there was no pain The degree of aortic 
disease about the orifices of the coronaries or elsewhere seemed 
to bear no definite relationship to pain TVenty-one cases of the 
group of painful infarctions showed mural thrombosis and 15 peri- 
carditis Two cases that showed neither mural thrombosis nor peri- 
carditis had pain Several instances were found in which there was 
no pain even though pericarditis or mural thrombosis or both were 
present Seven of the cases with rupture had pain at the onset of the 
illness and two did not It might be said that the pain is generally 
but not invariably associated with the injury of the vessel wall and the 
subsequent inanition of the heart, rather than to the complications 
like pericarditis or mural thrombosis 
Pathologic findings outside the heart and associated with or coinci- 
dent to the cardiac infarction were very variable, as might be expected 
Chronic passive congestion of the viscera was common Generalized 
arteriosclerosis seemed to follow no definite rule Evidence of sj'phihs 
w as infrequent, being found in only tw'o cases Gall stones wath some 
degree of chronic cholecystitis were found in si\ cases Only two of 
these cases gave past histones that were suggestive of gall bladder 
disease Cholesterol deposits without stones w ere seen in the mucosa 
of the gall bladder in two cases In six cases there was some tj^ie of 
pathology in the pancreas, the commonest finding being arteno- 
sclerosis and interacmar fibrous thickening Occasionally hj aline 
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degeneration of the islands of Langerhans was seen, and in one case 
there was fresh hemorrhage into the pancreas There was no pain 
in this case. Glycosuria was present in some of these cases with pan- 
creatic pathology and absent in others Healed duodenal ulcer was 
found once and active peptic ulcer of the duodenum once Divertic- 
ula of the duodenum were found in two cases These duodenal lesions 
apparently had produced no symptoms Renal lesion of vascular 
origin, such as renal arteriosclerosis, and chronic vascular nephritis, 
was encountered a number of times Terminal pneumonia was 
present occasionally 

The findings in the heart valves were in general not remarkable. 
They frequently gave evidence of the same process of sclerosis that 
was found elsewhere In 14 cases there was some degree of sclerosis 
of the valve leaflets of the aortic valve as manifest by slight fibrous 
thickening, atheromatous plaques or calcification Similar clianges 
were found in four cases in the mitral valve and in one case in the 
pulmonary- valve There were no instances of true mitral stenosis and 
only one of aortic stenosis Recently, however, one case of coronary 
thrombosis not included in this study was observed by one of us m a 
patient who had had for some years a definite rheumatic mitral 
stenosis. 


vni SUMMARY 

As a result of an analysis of the clinical features of 145 cases of 
coronary thrombosis and the pathological data of 46 of these, the fol- 
lowing considerations were made 

1 Angina pectoris generally precedes attacks of coronary thrombo- 
sis, but there were a few instances in which it was quite clear that the 
patients not only had no angina but no evidence of any important pre- 
existing disease could be made out 

2 Coronary thrombosis frequently developed in long standing mild 
diabetics, but because the age incidence was the same in diabetic as in 
non-diabetics it would seem that the diabetes merely indicated the 
type of individual who would develop coronary disease rather than that 
it had any causative relation to it 

3. Hypertension w'as present m the great majority of cases but in 
some it was quite definitely known that the blood pressure was noimal 
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before the attack Arteno-sclerosis was a very variable finding In 
some it was strikingly limited to the coronary arteries 

4 Syphilis was found to be a very rare cause of coronary thrombo- 
sis, and other infectious diseases seemed to have very little etiological 
significance 

5 Hereditary factors, although extremely difficult to analyze, were 
found to be most important especially in those patients having coro- 
nary thrombosis at a comparatively young age Possibly as apart of 
the hereditary factor there seems to be a certain physical type of indi- 
dual who IS more apt to develop this disease The tj’pe is that of a well 
set and strong individual, somewhat overweight, whose limbs and 
espeaaUy the forearms are round rather than flat He generally 
has been quite acti\e physically, either in sport or at work 

6 The average age in this series was 57 8 years There were 111 
males and 34 females The marked disproportion in the sexes cannot 
be easily explained but brings up the possible relationship of physical 
work and tobacco to coronary disease, both of wluch factors are more 
prominent in the male than in the female 

7 The typical clinical picture of acute coronary thrombosis was 
discussed in detail In addition certain atypical features were empha- 
sized that are commonly overlooked and which are important in 
making a proper diagnosis The pain w as foun^to vary from a slight 
discomfort in the chest to the most terrific agonj , and varied in the 
location from the upper abdomen to the upper sternum and throat 
There were not infrequent cases that were entirely painless It w'as 
emphasized that m some instances the entire picture resembles very 
closely an acute surgical abdomen Although there custoraanlj was 
a fall in the blood pressure with the attack, in some instances this did 
not occur 

Fever and leucocytosis developed early in most cases but there w ere 
rare exceptions The temperatures must be taken rectally as the 
mouth readings were frequently normal when an actual fever was 
present The important features on examination were the appear- 
ance of shock, the distant heart sounds, gallop ryhthm, the develop- 
ment of various irregularities in the rhythm of the heart, occasionally 
a pericardial friction rub, rfilcs in the lungs and somet mes an engorge- 
ment of the liver 
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during coronary thrombosis will help to some extent m rationalizing 
our therapy Certain features in treatment were discussed which 
we consider may prove life-saving in occasional cases 

11 A careful pathological study of 46 of these cases was made 
Apart from the ordinary findings some interesting correlations with 
the chnical features were uncovered It was found that not infre- 
quently a thrombus formed m the right ventncle as well as in the left 
as a result of a thrombosis of the left coronary artery This happened 
when the interventricular septum was involved There were two 
painless cases in which the right coronary artery was thrombosed 
In nme cases rupture of the ventncle occurred The most frequent 
artery involved was the left descending coronarj and the favorite site 
oflthe thrombus formation was about 2 cm below the bifurcation 
with the left circumflex coronary artery 

We wish to express our great indebtedness to Dr Hugo 0 Altnow 
of Minneapolis for the aid in compiluig the data on the first forty cases 
here reported, and to the staff of the Peter Bent Bngham Hospital 
without whose co-operation much of the value of this study would be 
lost 


IX CASE REPORTS 

Case 1 Tig 10 H A C Male, 74 Had sbght dyspnea for 8 
months Was seen May 5, 1915 Two days before this suddenly grew 
breathless and weak No pain whatever Examination showed distant 
grossly irregular heart sounds Sbght systobc murmur No enlargement 
There were r3Jes at bases of both lungs B P 100/70 Next day pen- 
cardial fnction was heard and heart was regular \V B C 16,900 (86 per 
cent neutrophiles) Urine — trace albumin and numerous granular casts 
Temperature 98 6° to lOO'T E K G showed small complexes in all leads 
and rounded, dipped T 2 and T 3 After two days he was doing well and 
feebng m good health Died instantly May 9, 1915 Autopsy — abnost 
complete occlusion of circumflex branch of left coronary artery , with rup- 
ture of left ventncle, and hemopencardium This is a staking example of 
painless infarction ^ 

Cose 2 Pig 72 L T Male, 54 Since an attack of pneumonia 5 
j ears before, troubled with increasing dyspnea Entered hospital January 
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18, 1921, With marked orthopnea No pain in chest Heart markedly en- 
larged BP 185/130 (1915—130/90, 1916—170/104) WBC 16,000 
to 23,000 Urine ^large amount of albumin and numerous casts Tem- 
perature 99° to 101°F Pulse 100 to 110 E K G showed shght spread m 
the Q R S complex He ran the course of a chronic progressive nephritis, 
blood pressure falhng to 138/95, and died March 3, 1921 Autopsy- 
mural thrombus in left ventricle, coronaries sclerosed but not occluded, 
portion of left ventricle recently infarcted, acute pericarditis This illus- 
trates a type of cardiac infarction occurring without pain in the course of a 
chronic vascular nephritis 

Case 3 Figure 71 J T Male, 59 Shght dyspnea of one year 
Was in very good health up to 4 hours before entering hospital June 6, 
1916, when he was taken with a sudden excruaating pain m the epigastrium 
and vomited Physical examination showed a patient in coUapse with 
shallow, rapid breathing, cold, clammy, ashen-colored skin, upper abdomen 
ngid Heart sounds distant , rate 104, gallop rhythm , no murmurs , marked 
tenderness in epigastrium and right upper quadrant Over right lower lung 
breath sounds dimimshed and many rales WBC 20,000 to 33,500 
Urine — 1 to 2 per cent sugar and a rare cast Temperature 99 4° to 100 2°F 
B P 106/80 At first it was thought that patient had an acute surgical 
lesion of the upper abdomen, such as acute pancreatitis or ruptured gastric 
ulcer Just before he was about to be operated on, complete heart block 
with rate of 29 developed and diagnosis of coronary thrombosis was made 
Died June 8, 1916 Autopsy — occlusion of anterior descending branch of 
left coronary artery, infarction of left ventricle with mural thrombus 
This case illustrates the type that is so often called acute indigestion, and 
for which abdominal operation is occasionally performed by mistake 

Case 4 Fig 64 W S Male, 63 Entered hospital September 12, 
1917 Nine days before, after a strenuous mountain chmb, followed by a 
hearty meal, was taken with severe pain m center of chest, radiating to 
both arms This was not reheved by nitroglycerine or by morphia for four 
days Physical examination showed shallow, rapid breathing, heart sounds 
almost inaudible, couphng of beats, many rales at bases of lungs WBC 
24,000 to 34,500 Urine — small amount of albumm, numerous casts and 
3 per cent sugar Temperature 97 4° to 99 2°F Pulse 144 to 110 Dysp- 
nea persisted E K G showed very small complexes and every third beat 
was a ventricular extra systole He developed evidence of increasing 
congestive heart failure and died September 13, 1917 Autopsy — occlusion 
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of descending branch of left coronary artery, fresh pericarditis (no fnction 
rub heard during life), large infarct of left ventricle and interventricular 
septum ivith mural thrombus This case is rather typical in its course and 
illustrates an onset after unaccustomed exertion and a hearty meal 

Case J Fig 31 J H Male, 60 For two years there was increasing 
dyspnea, especially nocturnal Two weeks before entenng hospital, April 
13, 1918, signs of congestive heart failure developed Heart show ed distant 
sounds, tic-tac rhythm, peripheral edema, rales in the lungs, dullness at 
nght base and mental s3Tnptoms Evidence of heart failure improved, 
but later grew worse again about May 21, 1918 Then there developed 
leucocytosis of 26,000 Temperature 101° to 103°F B P ranged around 
170/115 E K G not remarkable except for presence of extra systoles 
He developed left faaal paralysis and aphasia and died July 14, 1918 
Autopsy — thrombosis of right coronary artery, infarction of diaphragmatic 
surface of apical region involving both right and left ventricles, mural 
thrombus in both ventricles, infarcts in lung and spleen This case illus- 
trates infarction of heart incidental to congestive heart failure 

Case 6 Fig 28 D G Male, 59 Had angina pectoris for 8 or 10 
jears For 2 months before entenng hospital July 30, 1918, there was in- 
creasing edema and nocturnal dyspnea Physical examination showed 
enlarged heart, distant sounds, frequent extra systoles There was an 
enlarged liver, hydrothorax B P about 160/105 Leucocytosis developed 
during his stay Temperature 100° to 101°F on several occasions EK.G 
showed curves of very low amplitude August 6, 1918, he had a sudden 
dyspneic and unconsaous spell lasting 40 minutes He never had chest 
pain and gradually failed and died with pulmonary edema on August 19, 
1918 Autopsj — thrombosis of descending branch of left coronary artery, 
mural tlirombus in left ventncle The impression from the pathological 
study was that the coronary thrombosis was slow in forming, over a period 
of some months This case apparently developed a painless infarction ot 
the heart as a part of the picture of general myocardial insufficiency 

Case 7 Fig 13 C C Female, 68 Rheumatic fever at 35 Some 
dj'spnca and edema for one year Two weeks before admission, October 
18, 1920, severe knife-hke paip in chest lasting 2 days Marked dyspnea 
since then Physical examination showed distant heart soimds, loud sys- 
tolic murmur, moist riles at both bases B P 185/85 No leucocytosis 
Temperature 99 8° to 101°r kVhilc in hospital there was no chest pain 
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but marked dyspnea, out of proportion to other evidences of heart failure. 
EKG not remarkable Died suddenly October 28, 1920. Autopsy 
showed first portion of descending branch of the left coronary arteiy was 
almost occluded by calcified plaques and a thrombus There was a mural 
thrombus in the left ventricle This case illustrates an mstance m which 
marked dyspnea is the outstanding feature Blood pressure remained 
elevated throughout and electrocardiograms were not strikingly abnormal 

Case 8 Fig 15 A D Female, 42 Patient was in good health 
until 4 days before entry to hospital, October 25, 1920, when she had a severe 
“tearing” pain in left chest and left arm, continuing for several days Physi- 
cal exammation showed a very restless woman with marked respiratory 
distress. Heart sounds distant Apex impulse not seen or felt Manv 
rdles in bases of both lungs B P 100/70 Slight icterus of sclerae W.B 
C about 20,000 Temperature 101°F Pulse 110 to 140 EKG showed 
curves of low amplitude Patient presented the picture of severe obscure 
infection, although the ante-mortem diagnosis of coronary thrombosis was 
made Sudden death July 27, 1920 Autopsy showed infarct of left 
ventricle, mural thrombus and rupture of the heart The descending 
branch of the left coronary artery was thrombosed This case illustrates a 
type which might have been confused with pneumoma 

Case 9 Fig 29. M H Female, 55 Dyspnea on exertion for 1 year. 
Angina pectoris for 3 months Three days before entry, January 26, 1921, 
severe pain in center of chest, persistent with shght intermissions, vomitmg 
and perspiration Physical examination, pale, ashen facies, and shock-hke 
expression Heart regular and rapid with gallop rhythm Sounds faint, 
sudden halving of the rate (heart-block) W B C 15,000 to 25,000 Tem- 
perature 101° to 102°F for three days, then normal B P 150/100 (Janu- 
ary 26, 1921) , 80/60 (January 29, 1921) Many rS-les at base of nght lung 
Numerous attacks of unconsciousness and weak spells Pulmonary edema 
increased Electrocardiograms showed many peculiar changes in rhythm 
and in type of complexes Sudden death February 7, 1921 Autopsy 
showed almost complete closure of the left coronary artery, infarction of 
left ventricle and interventncular septum and mural thrombus of left 
ventncle This was a typical case Death was sudden although no rup- 
ture occurred This may have been due to a sudden standstill of the heart 
in the nature of heart-block 

Case 10 Fig 51 I M Female, 63. Palpitation many years Shght 
dyspnea Gall stone attack 6 years ago One and one-half years mild 
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diabetes For 6 weeks before admission, July 8, 1921, typical anginal 
attacks with increasing dyspnea 18 hours ago sudden severe chest pain 
arousing patient from sleep Unrelieved by morphine PE BP 6 
months before 220/120 After severe attack 142/90 Rapid, regular 
heart, sounds distant No murmurs or friction Patient seemed to be in 
shock EKG showed sbght high take-offmT 1 Curves were distinctly 
different from those obtained 6 months previously Died few hours after 
entry Autopsy showed rupture of left ventricle through fresh infarct 
Case was rather typical occurnng in one with previous diabetes and angina 

Case 11 Fig 8 G B Male, 64 In past years several attacks of 
gout For 1 to 2 years some d 3 ^pnea, and anginal attacks Occasional 
nocturnal dyspnea For 4 days before admission June 10, 1921, angina 
more troublesome and for 2 days slight constant chest pam On morning 
of admission awoke out of sound sleep with extreme suffocation and pre- 
sented picture of mild acute pulmonary edema P E showed regular heart 
with loud systohe murmur, apex impulse not seen or felt R&les at nght 
base Temperature 101° to 102°F for 4 days W B C around 30,000 
Some of the features brought up question of pneumonia B P which was 
200/110 before the attack gradually fell to 110/75 E K G showed curves 
of low amplitude Patient improved until the 12th day when he died 
suddenly This case illustrates the type that begins with acute pulmonary 
edema and later looks hkc pneumonia 

Case 12 A M Male, 69 For 3 months before admission July 14, 
1921, there were typical anginal attacks P E not remarkable except for 
penpheral arteno-sclerosis and somewhat distant heart sounds B P 
168/88 Two days after admission constant precordial pam began, slightly 
relieved by mtroglycenne This continued for two days when he suddenly 
died Autopsy showed infarction of left ventricle and fresh thrombosis of 
the antenor descending branch of the left coronary artery This case is 
rather typical, developing in the hospital where patient came to be treated 
for angina pectoris 

Case 13 JJB Male, 61 For a few months he had cough and some 
blood streaked sputum For tvo months before admission December 1, 
1921, there was marked dyspnea PE show ed cardiac hypertrophy , poor 
heart sounds, shght systolic murmur at the apex, marl ed radial and retinal 
arteno-sclerosis There xvas considerable penpheral pitting edema He 
presented a picture of chronic myocarditis i ith generalized circulatory 
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failure He improved considerably for a few weeks under treatment and 
then he began to have severe precordial pain Two days after this W B C 
was 9700 Pulse became irregular and gallop rhythm was heard Tem- 
perature rose to 101 4°F B P was 180/130 before the attack of pain. 
Several days after the first attack of pain there was another severe attack, 
and a few days later a third With this there was marked collapse and 
patient died Autopsy showed infarction of left ventncle with a mural 
thrombus There were old and recent infarcts of the spleen This case 
illustrates the development of coronary thrombosis in a patient with chronic 
myocarditis with congestive heart failure 

Case 14 Fig 23 H W F Male, 54 For two years had increasing 
dyspnea. For 6 months troublesome indigestion Also attacks of palpita- 
tion supposedly transient auricular fibrillation On the day of admission 
May 10, 1922 P E showed markedly enlarged heart, systolic murmur over 
precordium, congestive rales at both bases B P 175/100 Temperature 
101 2“F W B C normal Dyspnea was most striking complaint There 
was no pam E K G. not particularly remarkable, and were not unlike 
those taken 5 months before he died Patient seemed to be improving with 
digitalis and other treatment, until the 4th day when he suddenly died 
Autopsy showed old infarct of left ventricle at apex with mural thrombus 
This case illustrates occurrence of infarction of heart without any definite 
feature in the history indicating its onset, in a patient who had congestive 
heart failure 

Case 15 Fig 1 BA Male, 61. For 10 years there was indigestion, 
for 11 years cramps in the legs For one week a sense of fatigue and slight 
shortness of breath On day before admission, July 7, 1922, there was 
severe pain in the epigastrium and belching of gas This was followed by 
diarrhea Pam was severe and unreheved by nitroglycerine P E showed 
arestlessman Heart negative, sounds were of good quality B P 110/78 
W B C 13,450 Urine showed 2 3 per cent sugar whiph disappeared in 
several days Temperature 100°F for three days E K G showed minor 
changes in the T wave Patient improved although during the early days 
the blood pressure fell to 90/58 Recovery was satisfactory This case 
illustrates the type that is often called acute indigestion or ptomam 
poisoning 

Case 16. Fig. 30 F. W H. Male 63 Conscious of irregular heart 
action for one year. No previous dyspnea or angina Fourteen days be- 
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{ore admission July 18, 1922 typical attack of severe chest pam with collapse 
lasting over a day Followed by spells of weakness and faintness P E 
showed considerable penpheral artcrio sclerosis Apex impulse not seen 
or felt Sounds very distant BP 110/74 Many moist rales over both 
lower lobes Eight days later definite pericardial friction rub and gallop 
rhythm heard Signs suggestive of pulmonary infarct developed He had 
a good deal of chest pam during the following two weeks and spells of weak- 
ness Later a definite systolic murmur heard and left border of the heart 
was made out 2 cm outside the nipple Throughout his stay there was a 
leucocytosis and a temperature around 101°F E K G showed a shght 
high take-off of T 1 Died suddenly 5 weeks after the onset Autopsy 
showed rupture of the heart and mycotic aneuysm of the left ventricle with 
mural thrombus There was no pulmonary infarction This case had a 
typical onset but m the subsequent course the conspicuous feature was the 
pulmonary comphcation which clinically was thought to be due to pulmo- 
nary infarction but which proved to be due to edema of the lungs 

Core 17 Fig 3 MB Male, 49 Paroxysm of cough for 20 years 
Three years ago severe chest pain lasting two days Less severe attack 
one year ago with dyspnea Five days before admission October 4, 1922, 
very severe chest pain with extreme dyspnea Frequent spells smce then 
P E showed extreme dyspnea with marked perspiration Heart sounds 
very distant and of tic-tac gallop quality Numerous moist rales through- 
out chest BP at first 150/110, two weeks later 90/68 WBC 19,200, 
which gradually fell to normal Unne show ed large trace of albumin, with 
numerous casts which almost entirely cleared up after a week Tempera- 
ture 102° to 100°F for first 5 days E K. G showed coarse notching and 
curves of low amplitude Patient gradually recovered very satisfactorily 
He died 4 years later This case ran a typical course which showed stak- 
ing dyspnea History suggests that the previous attack was one of coro- 
nary thrombosis 

Case IS Fig 14 C \V C Male, 69 Diabetes for IS years Shght 
dyspnea for 10 years Angina for 7 years Seven and four days before 
admission December 1, 1922 attacks of severe chest pain, which three days 
ago became constant Pam then changed to feeling of dull aching over 
prccordium There was marked sweatmg, exhaustion and dyspnea P E 
showed marked enlargement of heart, regular rhythm, and sounds of fair 
quality Many moist riles throughout the lungs B P 112/70 Day 
after admission heart sounds became distant Next day marked Cheynes- 
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Stokes breathing developed Auncular fibrillation noted the second day. 
W B C 17,300 Later, 15,900 Unne* Specific gravity 1032, shght trace 
of albumin, numerous hyahn and granular casts, 2 2 per cent sugar Tem- 
perature reached 103°F E.K.G showed high take-off in T 1 and T 3 with 
sharp inversion He died with picture not unlike uremia Autopsy showed 
a slight pericarditis, infarcted left ventricle with large mural thrombus 
There were infarcts in the lungs and spleen This patient had a typical 
onset with gradual exitus presenting cerebral symptoms as in chronic renal 
insuflBciency. 

Case 19 Fig 68. A S Female, 60 Patient was mild diabetic of 
some years standmg with intermittent claudication of the legs August 
26, 1922 had repeated paroxysms of cramping, kmfe-hke pain in the chest, 
which then became constant and lasted 2 days. Considerable belching of 
gas. Pains radiated into the arms and wnsts W B C 11,300 and 16,700 
Temperature 100° to 101°F for a few days E K G showed sharp inversion 
of T 1 Patient showed many neurotic symptoms which somewhat masked 
the real condition, but she gradually recovered and became ambulatory. 
January 14, 1923 an attack similar to the above developed, associated with 
vomitmg and incontinence Heart sounds were feeble with tic-tac quality 
There was a shght systohc murmur * B P 160/86 E^les over the right 
base Shght leucocy tosis and fever Chest pain continued , not reheved by 
nitroglycerine EKG. now showed distmct changes over the previous 
ones There was typical high take-off of T 2 and T 3 Dyspnea was 
absent Death was gradual February 3, 1923 In this case there were 
apparently two major attacks and during the first one the true condition 
was masked by prominent neurotic sjunptoms 

Case 20 Fig 7 A B Female, 70 Patient had had a good deal of 
indigestion and for one month had complained of a pam in the upper chest, 
shoulders and arms On admission. May 8, 1923, heart was regular , sounds 
faint No rales in the lungs W B C 13,000 Temperature 101°F B P 
145/80 May 6, 1923 she had a sudden left-sided hemiplegia. Before 
this the diagnosis was obscure This brought up the question of coronary 
thrombosis E H.G showed prominent inversion of T 1 and T 2, and a 
well marked Q 3 Patient gradually died May 22, 1923 Autopsy showed 
infarction of left ventricle, mural thrombus, and mfarct of brain. In this 
case the diagnosis at first was obscure because of poor history The embolic 
phenomenon directed attention to the correct underljnng condition 
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Case 21 Fig 73 A J T Male, 38 For 10 months there was m- 
creasmg dyspnea Two months ago two severe anginal attacks Six weeks 
ago congestive heart failure Four weeks ago hematuria At times he was 
irrational Congestion improved and 2 days before admission September 
14, 1923 pulse became very weak, dehrium, edema and dyspnea developed 
No pain P E showed heart sounds of good quality and regular, dullness 
both bases, probably due to fluid, liver markedly enlarged B P 98/66 
Patient grew very restless and irrational W B C normal Temperature 
99 4°F E K G not remarkable He died September 26, 1923 Autopsy 
showed infarction of apex of heart involving left ventricle and septum 
apparently of several weeks duration, mural thrombi in right auricle and 
both ventncles, and pulmonary infarct Here cardiac infarction seems to 
have developed in a patient with advanced cardiac failure, which masked 
the diagnosis 

Case 22 Fig 77 J F W Male, 65 One and one-half years ago 
marked dyspnea developed and edema of feet and ankles At this time, he 
showed the picture of advanced cardiac failure which improved satisfactorily 
on treatment Later prostatectomy was done He did quite w'ell until 10 
da>s before admission, October 25, 1923 Marked dyspnea returned 
Heart markedly enlarged, sounds were distant, occasional extra systoles 
Three weeks later he had a chill, fever, and there was a pleural friction rub, 
suggesting pulmonary infarct Several days later auricular fibrillation 
suddenly developed Throughout this bme there was a constant leucocyto- 
sis from 12,000 to 25,000 B P ranged around 135/90 He ran an irregu- 
lar fever up to 102^ after the pulmonary infarction E K G ’s were not 
remarkable and no appreciable change occurred dunng the 1| years of 
observation He died gradually with advancing signs of disease of the lung 
Autopsy showed infarcts of both lungs and right kidney Descending 
branch of left coronary artery almost occluded, and there was a mural throm- 
bus m the left ventncle There was a thrombus in right auricle but none m 
right ventncle This is a case of cardiac infarction without pain in a 
patient who has had general circulatory failure It also illustrated that 
pulmonary infarction may occur without thrombi in tlie right ventricle 

Case 23 S F Male, 65 Had angina for 2 j ears and dyspnea for 6 
montlis For 2 weeks before admission, October 31, 1923, attacks of chest 
pain were more severe and frequent The pam was localized under the 
sternum and did not radiate, it tended to remain constant and was not re- 
lieved by nitrogljccrine Hewascjanoticand in evident distress Heart 
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moderately enlarged Sounds of fair quality, frequent premature beats. 
Many rales over both bases BP 145/105 WBC. 16,400 Urine 
showed numerous hyahn and granular casts Temperature 100°F Sub- 
sternal pain persisted a week E K G showed a rounded R-T interval 
He gradually improved and was discharged in good condition He died 3 
years later. This is a fairly typical case with satisfactory recovery 

Case 24 Fig 46 J J M Male, 64 Had attacks of chest pain for 
10 to 12 years Indigestion 15 years Dyspnea for one month Three 
weeks before admission March 1, 1924, he had severe precordial and epigastric 
pain wath fear of death Pam lasted several hours Next day pain re- 
turned, persisted for 3 days, radiated to left arm and left scapula Not re- 
heved by any medication P E showed heart shghtly enlarged, sounds of 
normal quahty, later became very distant, defimte pulsus altemans and a 
moderately loud systolic murmur WBC 8,000 Temperature normal 
There was a shght fever on several occasions when attempts were made to 
get the patient out of bed ERG showed typical high take-off of T 1 
Patient improved, became ambulatory and felt fairly well He dropped 
dead one year later while waUnng on the street This is a typical case with 
recovery coming m a patient with a long history of previous angina 

Case 25 W H F Male, 56 For two and one-half years shght 
dyspnea Two and one-half months ago questionable shock causing left- 
sided hemiplegia with complete recovery 5 days before admission April 1, 
1924, severe pain began in right lower chest, extending to precordium, lasted 
24 hours and then returned Then radiated to the left arm and to 
epigastrium There was pam on swallowing and this radiated down the 
sternum P E showed moderate cardiac enlargement, grossly irregular 
rhythm (rhythm was regular 3 weeks before) Sounds of good quality 
B P 160/110 Rales over both lungs No enlargement of hver or 
peripheral edema WBC 22,500 Gradually fell to normal in one week 
Temperature 100°F , for 2 days Shght trace of sugar in the urine Patient 
gradually improved and became ambulatory Died about 8 months later 
This case was unusual because of the wide distribution of the pain, 
especially involving the epigastrium, also the auricular fibnllation which 
developed, persisted 

Case 26 Fig 75 A A W Male, 50 Six months ago had severe 
chest pam under the sternum Since then a good deal of gas and indigestion, 
relieved by soda One month ago chest pam returned Four days before 
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admission April 13, 1924 severe persistent pain developed m the chest 
radiating to the left arm and elbow, accompanied by cold sweats and pallor 
Patient seemed apprehensive, cyanotic and still suffering pain Heart 
sounds weak and distant with slight systolic murmur Mies present at 
the bases Pencardial friction rub was heard W B C 19,800 Two days 
later 9,300 Temperature 100° to lOrF for first 2 days B P 134/98 
Five days later 112/88 EKG showed typical high take-off in T 1 and T 2 
Because of the marked gastric symptoms and history of indigestion, patient 
had gastro-intestinal and gall-bladder x-ray studies and was allowed to be 
out of bed despite the electrocardiographic diagnosis of coronary tlirombosis 
Apnl 23, 1924, while doing well, was taken with severe epigastric pain and 
died within a few minutes Autopsy showed pericarditis, thrombosis of 
descending brancli of left coronar> artery and left ventricular mural throm- 
bus In this case, the electrocardiographic data was really the most critical 
point in the diagnosis and at that time we considered it wrong to disregard 
such a typical finding 

Case Zl Fig 80 W E Y Male, 58 Diabetes for six years One 
week before admission May 6, 1924 marked dyspnea, epigastric distress, 
and pain in the upper abdomen developed Few days later sw ellmg of the 
legs and cough PE showed striking respiratory distress, ashen-grey 
color to the skin Heart sounds of poor quality, definite gallop rhythm and 
moderate enlargement Manyralesoverbothbases Evidence of consolida- 
tion of right lower lobe Liver enlarged B P ranged from 100 to 115 
systolic and from 60 to 70 diastolic May 9, 1924, circulatory collapse 
following bed bath, then showed transient fibrillation The sinking fea- 
ture was the appearance of shock and verj distant heart sounds W B C 
13,000 Temperature 100°F Glycosuna 3 3 per cent E K. G showed 
slight spreading and notching of the Q-R-S waves Patient gradually 
recovered and became ambulatory after 3 months In November 1924 he 
died suddenly while at stool This case was rather typical with immediate 
recovery 

CaseZS Tig 40 EL Female, 44 For seven years shght dyspnea 
Two years indigestion and pun m chest, most marked halt hour after 
meals Five days before admission June 2, 1924, severe pain in left elbow , 
shoulder and hand, later extending into the clicst and through to the left 
scapula This remained intense for 3 da>s, but has continued in a milder 
form since On the foutUi day after the onset, pencardial friction rub was 
heard Patient presented an agonized expression to the face, still suffering 
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pain Marked cyanosis Heart slightly enlarged, marked precordial 
hyperesthesia Heart sounds muffled Soft apical systolic murmur 
Rales at both bases Marked retinal arterio-sclerosis BP 1922,195/120 
June 19, 1924, 180/120. June 22, 1924, 106/80 WBC 19,600 Leuco- 
cytosis persisted for 1 month Temperature 103°F Gradually fell to 
normal in one -week, with a secondary rise to 100°F for one month Patient 
had several attacks of transient fibrillation E K G showed typical high 
take-off in T 2 and T 3 and marked Q 3 Patient ran a very stormy course 
July 3, 1924 developed signs of pulmonary infarct, with pleural friction on 
the left Left hydrothorax developed requmng thoracentesis Gradually 
improved and became ambulatory after 3 months illness April 10, 1926 
had a right hemiplegia Hypertension returned, B P 210/135, November 
14, 1926 Dunng the winter of 1926 she developed congestive heart failure 
and died on February 6, 1927 Autopsy showed obliterated pericardial 
sac due to adhesions, almost complete occlusion of descending branch of 
left coronary artery, aneurysm of the apical portion of left ventricle, and 
mural thrombus in the aneurysm This is a t 3 qncal case of recovery result- 
ing in aneurysm of heart and congestive failure 

Case 29 Fig 17. HD. Female, 70 Angma for 4 years Good deal 
of indigestion relieved by soda One year ago severe attack of chest pain 
which may have been an attack of coronary thrombosis For 3 weeks the 
angma and dyspnea were more marked Two days before admission July 
22, 1924, while stooping over the heart began to beat rapidly There was 
extreme weakness and patient broke out in cold perspiration The next 
day very severe chest pain radiating into left arm Patient somewhat 
irrational and showed marked respiratory distress Apex impulse not seen 
or felt Heart sounds very distant Moist rales both bases B P 125/75 
Defimte pulsus altemans WBC 22,600 Urine showed s p t albumin 
and many fine brown granular casts, s p t sugar Temperature 100° to 
10l°F E K G not remarkable The condition was at first considered to 
be pneumonia but on careful analysis of the history the diagnosis of coro- 
nary thrombosis was made. Patient died of arculatory failure with marked 
respiratory distress Autopsy showed occlusion of descendmg branch of 
left coronary artery, mural thrombus and infarcts of both kidneys This is 
a fairly typical case in aU respects and illustrates the fact that the condition 
may resemble pneumonia 

Case 30 Fig 16. S P D. Male, 36 Has had a good deal of indiges- 
tion reheved by soda Some IS years previously a questionable primary 
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luetic infection Two weeks before admission August 3, 1924 had shght 
dizzy spell in the monung and that evening had terrific pain in chest, ex- 
tending down left arm to the fingers and to the right elbow Continued for 
5 hours Morphia gave no rehef There was shght dyspnea with this 
Next day went to w ork although he still had pain in the left shoulder Was 
ambulatory unhl put to bed m the hospital Heart not enlarged, apex im- 
pulse seen and felt, 9 cm to the left Sounds of good quality, no murmurs 
B P 115/80 July 27, 1924, WB C 15,000 August 11, 1924, WB C 
8,200 Temperature normal Blood Wassermann strongly positive 
August 24, 1924 sudden definite weakness — right side of face and numbness 
of right arm This cleared up in two days E K G showed typical high 
take-off of T 1 which became sharply inverted He recened mercury 
inunctions and potassium iodide but no mtravenous arsenic Uneventful 
recovery and has been well and at work for the past 3J years This case 
was first seen in pnvate practice 10 days after the attack while the patient 
was feehng quite well The E K G which was so typical was very helpful 
in making the diagnosis The extremely young age in this case may be 
accounted for by a syphilitic background 


Cased; JP Male, 70 Three weeks ago slight swelling of the ankles 

One week ago known to have a high blood pressure Three hours before 
admission August 12, 1924 severe epigastric pain, vomiting, collapse. Later 
had pain m the chest and marked prostrabon P E —marked cyanosis and 
Cheynes-Stokes breathing Heart considerably enlarged, sounds very 
distant Blood pressure, 100/60 E K G shoned a high tale^iff of T 2 
and premature auricular beats Patient died in 4 boms This case is 
rather characteristic of the type one reads about in the neivspapers of a 
prominent man dying of acute indigestion 


Case 32 Fig 45 ^ ^ ^ ^ ^ com- 

dyspnea and an occasional chest pain For o v-r rwuent snelk nf 
consmousness, assoaated with vomiting Tve- m =•• ;n-n 
viously for the above symptoms Two daw 

1924,afteranunconsaousspcllandvoimtj-'-4-^J^’*-« 30, 

like pain in the center of the chest and^-etZ^^^ 
enlarged, sounds quite faint, soft s.-stob-ZZTT rnoderately 

(1 year ago 170/80) Many moist BP W4S 

Temperature 100° to 101°r during fcj 

change in T 1 and T 2 over those showed a cfstra-i: 

partial heart-block Patient gmdnaDy rem^LZ'^ - 3'^' 

1 oied about 2- r"- 
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later The features m this case are somewhat atypical because of the under- 
lying symptoms of cerebral sclerosis and chronic myocarditis 

Case 33 Fig 12 M C Male, 47 Slight increase of dyspnea for 3 
years Angina attacks for 2 years Reheved by nitroglycerin Morning 
of admission, November 11, 1924 sudden severe pressure in the chest, radiat- 
ing to the left shoulder and arm There was marked perspiration and short- 
ness of breath, later vomited 2 injections of morphine without relief 
Patient was quite dyspneic and cyanosed with a pale anxious expression 
Heart markedly enlarged, loud high-pitched systolic murmur aU over pre- 
cordium Sounds faint Defimte pulsus altemans Many rales through- 
out both bases Liver palpable and tender B P 102/82 (November 11, 
1924) 92/72 (November 13, 1924), 3 months ago B P 130/90 W B C 

22,400 to 19,700 during first week Temperature 100° to 101°F ERG 
showed coarse notching of Q-R-S and low amphtude of curves Patient 
gradually grew worse, became irrational, developed Cheynes-Stokes breath- 
ing, increasing dyspnea and died November 20, 1924 This was a typical 
case in which there was marked dyspnea 

Case 34 Fig 39 M L Female, 56 For 24 years shght dyspnea on 
exertion 2 weeks ago very severe occipital headache which lasted for a 
week and disappeared after a copious nasal discharge 4 days before ad- 
mission February 1, 1925, became dyspneic in bed 2 days later collapsed 
and became pulseless on walking to the toilet Some nausea Heart not 
enlarged, apex impulse not seen or felt, sounds were distant, definite pre- 
systohe gallop rhythm at apex, shght systohe murmur, few rales at bases of 
lungs B P February 1, 1925, 150/105, February 5, 1925, 120/70 W B C 
22,400 February 1, 1925, 9,900 February 4, 1925 Temperature 100°F for 
first 5 days E K G showed tjqncalhigh take-off, T 1 becoming sharply in- 
verted Patient improved, eventual outcome could not be ascertained 
This was essentially a painless tjqie of case m which the history of marked 
sudden dyspnea, the typical electrocardiograms, distant heart sounds with 
gallop rhythm, and the leucocytosis, made the diagnosis 

Case 35 Fig 42 D F M Male, 48 10 years ago had an attack of 

indigestion, constriction in the chest, and perspiration, smee then milder 
spells usually commg after large meals On the day before admission, 
January 23, 1925, while pounng acid on some metal during his work, he 
inhaled some toxic fumes, became weak, dizzy and felt constriction in the 
chest and dropped in a faint At the hospital he was semi-stuporous, cya- 
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notic, almost pulseless, heart sounds ^^ere very faint B P 95/75 The 
next day the evidence of shock cleared up and face was florid hlany 
coarse rales both bases, left loner chest dull and harsh, pleural friction was 
present W B C 22,300, January 23, 1925 It came down to normal on 
daily counts on February 3, 1925 Temperature 102°F first 4 days, then 
gradually returned to normal E K G shon ed partial heart-block the first 
day, but later showed striking and typical changes in the R-T intervals in 
Leads 2 and 3 BP remamed under 100 systolic most of the time Pa- 
tient made a splendid recovery and except for an occasional attack of chest 
pain, has been m fair health and working for 3 years The interesting fea- 
ture here is the onset of the attack in the relation to the inhalation of toxic 
fumes It was definitely showm that leucocytosis could last 1 1 days Elec- 
trocardiograms were the most striking ones of the entire senes 

Case 36 Fig 52 P N Male, 72 Chancre treated with mercury 
at age of 36 For 1 year suggestive history of angina For 4 months 
dyspnea on chmbing stairs Four days before admission, February 26, 
1925, while at a motion picture theatre was taken with a sharp knife-like 
pain beneath the sternum, radiating through the left chest, then became 
short of breath, walked home with assistance Pam persisted for 4 dajs, 
aggravated by a cough Heart showed a weak, first sound, definite sys- 
tolic murmur, lungs and liver negative B P 145/85 February 26, 1925 
128/70 March 1, 1925 Gallop rhythm developed W B C 8,600 Febru- 
ary 26, 1925 Temperature 100 S’F ERG showed a suggestive change 
in r 3 While doing fairly well patient instantly died without pain Au- 
topsy showed hemapericardium, rupture of the posterior portion of the left 
ventricle through an infarcted area, and also a mural thrombus This 
case was typical in every respect 

Case 37 Fig 81 C Z Male, 69 Moderate d>spnea for 2 or tliree 
years Two weeks ago substemal oppression lasting 3 hours More 
dyspneic since Twenty-four hours before admission, December 29, 1924, 
severe attack of substemal pain, becoming a dull aclie with hyperesthesia 
of the precordium Vomited 3 times Patientshowed drawn features and 
ashen face Heart enlarged, sounds distant, gallop rhjthra present, moist 
rUles at both bases, liver 3 cm below costal margin and tender, B P 
104/80 WBC 7,900 Temperature 100° to 101°F EKG showed 
slight spreading of tlie QR-S and aljpical T waxes Patient graduall> 
died witfi djspnea December 30, 1924 Autopsy showed infarct of the 
posterior wall of the left ventricle, extreme coronary sclerosis and bilateral 
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pleural effusion This case was typical It is interesting that the W B C. 
was normal, although there was distinct fever (This was also true in case 
no 36) 

Case 38 C Y Male, 56 5 months ago nght side of head and body 

became numb and weak For several months, marked nocturia For 2 
weeks edema of nght leg Gradual increasing weakness Heart somewhat 
enlarged, blowing systolic murmur Marked penpheral arterio-sclerosis, 
B P 215/130 February 28, 1920- 190/130 March 17, 1920 WB C nor- 
mal Temperature normal with shght nses dunng last ten weeks of hfe 
Patient grew weaker, became stuporous, and died gradually March 30, 
1920 Autopsy showed infarct of the left ventricle with mural thrombus, 
coronary artenes were markedly sclerosis and narrowed, but patent There 
was also evidence of chrome nephritis This was an instance of silent in- 
farction of the heart occurnng in a patient with extensive vascular disease 
produemg hypertension and nephritis It is interesting that the blood 
pressure remained at a high level 

Case 39 Fig 6 J B Male, 50 Patient was always strong, vigorous 
and active On the day before the severe attack, April 8, 1923, there were 
a few premomtory anginal spells On this mght he was suddenly taken 
with terrific constnction of the chest without radiation He received 1| 
grams of morphia hypodermically, but the pain was intense for 5 hours and 
it gradually let up With this there was marked pallor, sweating and 
collapse Heart sounds were distant and tic-tac in quahty BP 180/110 
the day before the attack, after this it was very low and even a year later 
was 130/85 Temperature 100°F for a few days Pulse rate 120 for a 
w'eek and around 100 for several weeks there after E K G not obtained 
during the attack, but were not strikmg the day before the attack He was 
desperately lU and ran a stormy course On April 15, 1923 had a severe 
attack of pain in the left flank, radiating to the testes, and followed by 
hematuna This was probably a renal infarct He then gradually im- 
proved and afrer 10 weeks lUness, returned to work He remained in very 
good health, and died suddenly 3 years later The interesting features 
here are the absence of any preceding history of angina except on the one 
day before the attack, the extreme pam, the development of a renal infarct, 
and the excellent recovery. 

Case 40 Fig 47 J K. Male, 42 Patient was a vigorous athletic 
man; definite angma for 4 months While in bed, bemg treated for angma 
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pectoris, June 3, 1923, he suddenly had an attack of excruciating pain in the 
left chest, radiating to the left arm No relief from nitroglycerin nhich 
previously was very effective in controlhng the anginal attacks Only 
slight relief after 3 injections of J grain morphia Marked sweating, pallor, 
collapse After 24 hours pain changed to an ache which persisted for a few 
days and then disappeared Heart not enlarged on physical examination 
and x-ray Rate 120, definite gallop rhythm and pulsus altemans At 
times showed 2 1 heart block with temporary rate of 60, RMes developed 
at both bases Wassermann negative B P 160/92 June 1, 1923, 95/75 
June 27, 1923 This gradually rose and for 4years remained around 125/85 
Temperature around 100°F for 11 days E K G showed inversion of the 
T waves and diminution in amphtude of the curves as compared to those 
taken before the attack Patient gradually recovered after the most violent 
illness we have w itnessed He was in satisfactory health, doing active w ork 
as a general pracbtioner for almost 5 years, except for an attack of what 
seemed to be a pulmonary infarct 3 years ago He had no angina since the 
first attack of coronary thrombosis but died Apnl 7, 1928 after a second 
attack of coronary thrombosis It is interesting that the first attack de- 
veloped while under treatment for angina, and there was no method of 
foretelling that this w ould occur It is also interesting that with the main- 
tained low blood pressure, angina did not return 

Case 41 Pig 49 F M Male, 43 Patientwaspreviously \ery well 
It was defimtely known that he had never had dyspnea or angina on effort 
2 days before admission March 23, 1924, he felt an uncomfortable pressure 
under the sternum and pain at the apex, radiating to the left arm, vomited, 
perspired and became pale Lasted 10 hours, leaving him very weak 
Heart slightly enlarged, sounds distant, definite gallop rhythm Transient 
spell of auricular fibnllation BP 112/84 One w eek later 94/70 W B C 
16,800 Temperature lOO'F for 2 days E K G showed suggestiv e 
high take-off m T 1, becoming inverted Patient made a very satisfactory 
recovery and has been carrying on his work for the past 4 years He de- 
veloped permanent auricular fibrillation about 2 years after the attack, and 
IS now under constant digitalis therapy This is a typical case, which 
showed at first transient auricular fibnllation, later becoming permanent 

Case 42 Fig 36 R K Male, 49 Previous angina for several 
months The day before he was seen at his home June 22, 1924, he was 
taken with severe pain in the center of his chest, he tried to walk it off 
After 6 hours he became cold and clammy, slight relief from nitroglj cerm 
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for half an hour. Vomited, pam grew worse, and after 24 hours he was left 
with a soreness in his chest Heart was rapid, rate- 127, 1st sound of fair 
quahty, gallop rhythm Rales m both lungs The foUowing day partial 
heart-block developed with halving of the rate at times June 24, 1924 
pericardial fnction was heard and lasted for 1 week W B C 31,000 
Urme, specific gravity 1038, large trace of albumin, sugar present. Numer- 
ous R B C , W B C and brown granular casts in the sediment Ten days 
later unne was practically negative Temperature 100° to 101°F for 10 
days BP 170/130 in 1923, 160/110, June 23, 1924, in the morning, 
140/108, June 23, 1924, in the evemng, 90/70 June 24, 1924, 124/86, 
October 3, 1924 E K G taken 4 months after the attack showed curves of 
very low amphtude At this time patient was ambulatory, free from all 
symptoms, although the 1st heart sound was entirely inaudible at the apex 
Patient has remamed well for about 3J years This was a typical case, 
showmg a marked permanent fall in the blood pressure with excellent re- 
covery, accompanying the disappearance of angina 

Case 43 A 0. Female, 68 Patient had a good deal of indigestion 
and attacks of pain in the abdomen, thought to be due to gall-stones Two 
weeks before admission November 11, 1915, had severe cutting pain in the 
epigastrium with pain over the heart This gradually diminished in 3 
days It radiated to the back and arms and the fingers of the right hand 
were stiff for a day One week ago diarrhea On the day of admission, 
tightness m the throat, dyspnea, cough and bloody sputum Heart regu- 
lar, sounds faint Numerous moist rales through both lungs, leathery 
friction rub over right chest B P 148/84 A few minutes after the first 
examination patient suddenly became cyanotic, gave a few gasps and died 
Autopsy showed thrombosis of descending branch of the left coronary 
artery, and rupture of infarcted portion of the left ventricle, with hemoperi- 
cardium This was a typical case, and it is interesting that the diagnosis 
was broncho-pneumonia before the patient entered the hospital. 

Case 44 T. B Male, 39 For 1 year typical anginal attacks, and 
intermittent claudication 5 days before admission, February 4, 1916 felt 
poorly and later had sudden pam m the epigastrium, with shght radiation to 
the mpples Cough, raising blood streaked mucus and vomited frequently 
Patient rather stuporous, cyanotic, and complained of pain in the epigas- 
trium Respiration 34 Pulse 150 Heart Apex not seen or felt, sounds 
distant and weak Many moist rales over left lower lobe Tender, in- 
definite mass extending from right costal margin to umbilicus Definite 
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icterus of sclerae Upper abdomen was very rigid Patient seemed to be 
in extreme shock WBC 21,400 Temperature 102°F BP 92/80 
Blood Wassermann negative He was thought to have an acute surgical 
condiUon, and was etherized, the differenual diagnosis being acute pan- 
creatiUs, gall-bladder disease or perforated gastric ulcer The spasm m the 
upper abdomen and the tender mass in the nght upper quadrant were very 
striking Patient died on the operating table Autopsy showed an ex- 
tensive infarct of the left ventricle, large mural thrombus, descending 
branch of left coronary almost obliterated Nothing of importance in the 
abdomen except marked congestion of the liver This is an extremely 
important case, which m recent years could easily be recognized In view 
of the existing knowledge in 1916, exploration w as justifiable It illustrates 
how coronary thrombosis may present many of the cardinal features of 
acute surgical conditions of the upper abdomen 

Case 45 S H Male, 76 8 months ago an attack of unconsaousness, 

since then an occasional dizsy spell On morning of admission, August 18, 
1918 suddenly became unconscious Cheynes-Stokes breathing, heart 
sounds very distant, soft systolic murmur, occasional extra-systole Pew 
rales at left base Neck stiff, bilateral Kemig and BabmsLi, BP llS/60, 
WBC 14,800 Unne scant, showed a trace of albumin and numerous 
granular casts Temperature 99°F for 4 days, then rose to 104°F Spinal 
fluid normal Patient remained in coma and died August 23, 1925 Au- 
topsy showed marl ed coronary thrombosis, infarct and mural thrombus of 
left ventncle, there was also chronic vascular nephritis In this case the 
details of the history were unobtainable, but apparently it was a silent in- 
farct occurring m a patient wiUi extensive vascular and renal disease 

Case 46 E C Female, 41 Nine months before w as ill for 6 weeks 
with some kind of kidney trouble Three weeks before admission January 
8, 1921 dyspnea on exertion developed Tw o w eeks later distressing orthop- 
nea Heart not enlarged, apex impulse not made out, 1st sound quite in- 
distinct, achon regular, no murmurs B P 160/120 Few rfiles at the 
bases of the lungs, liver markedly enlarged Patient grew worse, dyspnea 
strikingly out of proportion to the other findings Later there was some 
choking and oppression under the sternum Signs at Uie right base sug- 
gested broncho-pneumonia, but 1 liter of fluid was removed by thoracen- 
tesis Distinct leucocytosis Temperature 100° to 102°r Patient grew 
worse, had occasional hemoptysis and died January 22, 1921 Autopsj 
showed thrombosis of the descending branch of the left coronarj' arter>. 
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left ventricular mural thrombus, extensive infarction of the wall, thrombosis 
of the pulmonary artery and several infarctions of the lung and right kid- 
ney This was essentially a painless instance of coronary thrombosis, but 
the diagnosis was suspected because of the striking discrepancy between the 
marked dyspnea and the other features 

Case 47 A P Female, 65 In very good health until 2 months before 
admission August 13, 1921, when she was awakened one night with a feehng 
of constriction m the chest Since then palpitation and marked dyspnea. 
For one month conhned to bed with dyspnea and swelhng of the legs Heart 
enlarged , action grossly irregular Soft systohc murmur present Numer- 
ous moist rales in the lungs Marked peripheral edema B P 105/55 
W B C 15,600 Temperature 100°F Patient was irrational, showed 
Cheynes-Stokes breathing Heart became regular and the day after ad- 
mission she collapsed and died Autopsy showed an old infarct of right 
ventricle and a recent infarction in the left ventricle, with small mural 
thrombus m right ventricle Kidneys showed chronic nephritis This was 
a fairly typical case in which was the added factor of chronic nephntis. 

Case 48 E L C Male, 64 For 10 years was known to have high 
blood pressure Patient came into the hospital m extreme collapse and no 
history could be obtained Marked pallor, extreme dyspnea and shght 
cyanosis Skin cold, moist and clammy Numerous bubbhng rMes 
throughout lungs Heart sounds rapid, regular and distant Patient died 
in 25 minutes Autopsy showed marked coronary sclerosis and infarction of 
left ventncle at the apex There was shght bilateral hydrothorax This 
illustrates the type of problem that arises where no previous history can be 
obtained Diagnosis may rest on the appearance of shock and distant 
heart sounds 

Case 49 M C Female, 61 Diabetes for 2 years Controlled well by 
diet until the last 6 months, during which time she lost 30 pounds m weight, 
developed weakness and thirst Three days before admission September 23, 
1924, went to bed because of extreme weakness and then became semi- 
comatose She seemed to have diabetic coma, although she could be 
aroused to answer questions Heart not remarkable Occasionally heart 
rate would fall from 90 to 45 probably due to 2 . 1 heart block B P 115/70 
W B C 21,000 Urine showed 2 per cent sugar, positive for diacetic acid, 
and numerous hyahn and granular casts Blood sugar 0 51 per cent 
Blood CO 2 18 vols per cent She received insulin treatment, total of 120 
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units m 24 hours The next day she seemed to be out of coma and suddenly 
died Autopsy showed infarct of postenor portion of left ventncle with 
rupture and hemopericardium Right coronary was markedly sclerosed 
and was occluded by a recent thrombus the left not particularly so 
Left hemothorax This case is remarkable in that patient had both pro- 
found diabetic acidosis and coronary thrombosis, and for a while it was 
feared that the patient had died of insulin shock It is also of note that the 
left ventricle was infarcted although the right coronary was the one involved 

Case 50 Fig 76 S W Male, 52 Mild diabetes for 4 years One 
year ago sharp attack of pain in epigastrium, radiating to left scapula, 
lasting half an hour One month before admission, October 19, 1922, 
awakened with very severe pain similar to the attack a year ago Patient 
screamed, vomited, became short of breath Pain lasted for 2 days and 5 
days later became breatliless in trying to walk and a constant precordial 
distress returned Heart enlarged, sounds of poor quality, frequent pre- 
mature beats, definite gallop rhythm, pulsus altemans, rales in both bases 
Liver dullness 5 cm below costal margin B P 95/65 Temperature 
100°F E K G showed an occasional nodal beat and slurring of the 
Q-R-S complex Patient slowly improved for 2 weeks, no further anginal 
attacks occurred but a month later dyspnea grew worse and edema de- 
veloped He showed evidence of marked congestive failure Venesection 
gave considerable temporary rehef He gradually failed and died December 
17, 1922 Autopsy showed an old organized thrombus of descending 
branch of the left coronary artery, aneurysmal formation in left \ entncle, 
fibrous pericarditis, extensive infarction both lungs with large thrombus in 
pulmonary arteries, thrombo-phlebitis of common iliac and femoral veins 
This case was unusual because of the extensive thromboses of vanous 
blood vessels 

Case 51 Fig 20 P W D Male, 50 For 5 years had angina pectons 
Two weeks before admission March 27, 1925, after dinner he had a very 
severe attack At first he tried to walk it off, but his physician gave him 
morphia hypodermically, and even etherized him and controlled the pain 
Heart sounds distant, no murmurs, apex impulse not made out B P 
100/60 EKG show ed suggestive changes in T 3 Patient recov ered and 
has done very w ell for the past 3 years This is a fairly tjpical Case, the 
pain was so severe that the physician considered it wise to administer ether 

Cose 52 Pig 69 J N T Male, 49 For 2 months had attacks of 
indigestion which felt like “gas on the stomach which couldn’t be raised ’’ 
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On the day before admission April 2, 1925, during usual exertion was taken 
with a violent pam in the chest, broke out in a cold sweat, and had marked 
dyspnea He had to he on the floor Pam m seyere form lasted 5 hours 
but persisted to some extent Apex impulse not seen or felt. Heart not 
enlarged, sounds almost inaudible B P 110/50 Gallop rhythm was 
later heard. W B C 12,100. Temperature 101°F for 4 days Pulse 
around 120 E K.G showed high take-off in T 2 and interestmg changes in 
the T wave during the illness Patient recovered very satisfactorily, and 
has maintained a low blood pressure and gaUop rhythm ever since (2| 
years) This is a fairly typical case, with good recovery and maintained 
low blood pressure 

Case 53 C E H Female, 65 Diabetes for 10 years H 3 ^ertension 
for a few years Cerebral accident 1 year ago For 2 weeks before ad- 
mission, May 10, 1925 palpitation and marked dyspnea Patient entered 
the hospital somewhat drow^sy Heart regular, sounds distant, no murmurs 
B P. 140/82 (2 years previously 224/110) W B C 11,400, polymorphonu- 
clears 90 per cent Urine showed a large trace of albumin, specific gravity 
1030, sediment showed numerous fine granular casts Marked glycosuria 
Blood sugar 0 53 per cent Blood CO 2 27 vols per cent Temperature 
101°F Patient grew gradually worse and died May 15, 1925 Autopsy 
showed left ventncular mural thrombus, almost complete occlusion of 
descending branch of left coronary artery, partial occlusion of the arcum- 
flex branch, and renal arterio-sclerosis There was a definite shght puru- 
lent pericarditis in which streptococa were found In this case, as far as 
our data went, the attack was painless and the picture was masked by the 
element of acidosis, which was probably diabetic, and by the urinary find- 
ings indicating renal disease 

Case 54 Fig 19 S D Female, 45 Patient was always weU, had 
no evidence of previous angina pectoris, when 11 days before admission. 
May 7, 1925 had a sudden gripping pain in the heart, extending to both arms 
and the left shoulder This lasted 20 hours, and left her with marked weak- 
ness and sense of oppression in the chest Heart shghtly enlarged, regular, 
no murdurs, apex impulse feeble B P 90/75 6 months later 144/94 

W B C 7,900, May 7, 1925 E K G showed marked inversion of T 1 
which gradually disappeared The complexes became quite small Pa- 
tient miproved very satisfactorily, became ambulatory, and remained 
fairly well for 2J years, having occasional attacks of pains in the arms on 
exertion This was a typical case, in which it was definitely known the 
attack of coronary thrombosis was not preceded by angina pectoris 
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Case 55 Tig 9 F H C Male, 57 Had rheumatic fever at the 
age of 8 For 1 year anginal attacks Four months ago fell from a wagon, 
vas unconsaous and later had ache in chest Three months ago violent 
attack of vice-hke pain in the chest and dyspnea lasting 3 hours Returned 
to work as a fireman m 10 days Increasing dyspnea since Six days be- 
fore admission, November 1, 1924, awoke from sleep with the worst attack 
he ever had He had a sense of chokmg and boring m his heart and thought 
he was going to die Had to walk the floor to seek relief Pain persisted 
for 6 days Heart was distinctly enlarged, gallop rhythm B P 180 
systolic in October 1924, 150/92, November 1, 1924, 130/70, December 7, 
1924 W B C 12,900 (74 per cent neutrophiles) Renal function tests 
normal Temperature 100°F for 3 days Pulse rate 100 to 115 Tran- 
sient attack of auricular vibrillation on the first day, and on November 23, 
1924, fibrillation became permanent E K G showed a high take-off in 
T 3 and marked Q 3 Durmg the early days he developed evidence of con- 
gestive failure, chest was tapped for hydrothorax On November 9, 1924, 
he became desperately sick and was very stnkingly helped by bleeding 
(800 cc removed) Ho had a slow convalescence but was discharged in a 
fairlj satisfactory condition On June 30, 1925 had sudden left hemiplegia 
and unconsciousness, and developed marked congestive failure again and 
Cheynes-Stokes breathing, again became ambulatory after a month’s 
treatment On February 15, 1926, he dropped dead while walking the 
street This case illustrates the inception of congesbve heart failure follow - 
mg an attack of coronary thrombosis The hemiplegia was probably 
due to an embolus dislodged from a left ventricular mural thrombus 

Case 56 Fig 24 S F Female, 52 Very marked family history of 
vascular disease, the father, motlier and 3 brothers having died of shock 
For 6 years had hypertension complaining of palpitation and of slight 
d>spnea One > ear frequent anginal attacks May 9, 1925 had a severe 
attack of dicst pam radiating to both shoulders and arms Felt nauseated 
and fainted Terrific pam lasted J hour She was left i eak widi a dull 
ache in her chest Entered the hospital June 9, 1925 Heart slightly en- 
larged, no murmurs, frequent aentncular extra systoles B P 240/110 
June 9, 1925 (160 systolic, hlay 15, 1925) ERG showed high take-off 
in T 3 and a sharp Q 3 Patient rccoi cred and the anginal attacks persisted 
on effort Paticntwasstillambulatory 21 years later This case had been 
carefully observed for many years, she had long standing hypertension, 
later deieloped angina, i.ent through an attack of coronary thrombosis, 
and blood pressure winch temporarily fell returned to a higher level, and 
witli it the angina returned 
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Case 57. H R Male, 80 Mother died at 93 Father killed acci- 
dentally at 80 One year ago had three fainting spells and lost conscious- 
ness For 7 months dyspnea on climbing stairs. For several weeks some 
pain in his chest 10 days before admission, August 24, 1925, dyspnea 
became acute, had convulsions that night for 30 minutes, with some mental 
confusion Heart impulse could not be made out—sounds distant; action 
regular, no murmurs B P 108/76 W B C 21,000 (neutrophiles 92 per 
cent). Patient did poorly and had collapsing spell and died about an hour 
later, August 27, 1925. Autopsy showed fresh infarct of left ventncle, 
mural thrombus, and occlusion of descending branch of left coronary artery 
This patient had a pamless infarction, the onset being indicated by sudden 
dyspnea. It is interesting that this patient, who was the oldest in our 
series, had such a good family history from the point of view of longevity 

Case 58. Fig 41 J P. M Male, 47. For 8 months typical attacks 
of angina pectoris on effort, later coming even at rest While in the hospital 
with this condition he had an attack of pain in the right upper quadrant, 
radiating to the chest, followed by blood-tinged sputum Pallor, sweating 
and marked asthenia On August 25, 1925 apex impulse not seen or felt, 
first sound distinctly diminished B P 132/76 before the attack, August 9, 
1925, after the attack 90/60 August 30, 1925 E K G showed no striking 
changes W B.C 15,000 Temperature 99° to 100°F and pulse 90 to 120 
after the attack Rales numerous in both lungs Wassermann reaction 
strongly posifave Urine showed moderate number of casts, phthalem test 
66 per cent Pain subsided, patient died in state of collapse, August 31, 
1925 Autopsy showed syphihc aortitis, acute infarction of left ventncular 
wall, mural thrombus, marked narrowing or coronary onfices, although the 
branches themselves were not particularly sclerosed or thrombosed This 
was one of the few syphihtic cases It was known here that before the at- 
tack of infarction the blood pressure was not elevated Also it illustrates 
that infarction of the heart may occur without a true thrombosis of the 
vessel 

Case 59. C W J Male, 61 For 4 months had increasing dyspnea 
and palpitation, but no chest pain Gradually developed evidence of 
marked congestive heart failure This improved very strikingly under 
treatment On September 9, 1925, two days before his second admission to 
the hospital, he had slight pain in the right chest Physical examination 
showed enlarged heart, regular rhythm with occasional premature beats, 
systolic and diastolic murmurs at the base B P 198/125 August 5, 1925, 
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152/110 September 11, 1925, 130/90 October 4, 1925 WBC 7,200 
Temperature lOOT Pulse 100, on September 11, 1925 He developed 
congestive heart failure and died on October 10, 1925 Heart showed a 
sclerotic type of aortic stenosis, fresh infarct at the apex of the left ventricle, 
mural thrombi in both ventncles Coronary vessels, though tortuous, were 
patent Infarction in right lung This is another instance of infarction 
of the ventricles without actual occlusion of the coronaries There were 
also thrombi in both ventncles 

Case 60 L G Male, 42 Diabetes for 6 years, satisfactorily con- 
trolled by diet Seven weeks ago had an attack of “acute indigestion” 
consisting of vise-hke pain m the epigastnum Many attacks of angma on 
effort since then On the morning of admission, September 24, 1925, 
aw oke with pain in the left epigastnum While w alking to w ork he vomited 
and became quite weak He remained ambulatory though pain continued 
Heart shghtly enlarged, regular, no murmurs Sounds very distant He 
appeared very sick and in a shocked anxious state B P 70/66 Liver 
distinctly enlarged and tender WBC 16,000 (82 per cent neutrophiles) 
September 24, 1925 Next day WBC 32,600 Temperature 100 4°F 
Pulse 100 Patient died in 24 hours It is interesting that although death 
occurred in one day, the patient walked to work dunng the early hours of 
the attack 

Case 61 Pig 66 BPS Male, 65 Typhoid fever in 1919 For 5 
years anginal attacks consisting of a “clutch in the sternum” on effort 
Nine hours before admission February 26, 1926, he was taken with a severe 
pain behind the sternum radiating down the left arm , not rehc\ ed by nitro- 
glycenn or morphine This awoke him from sleep and lasted for 15 hours 
He vomited twice and had some dyspnea Heart somewhat enlarged, 
regular, no murmurs, sounds of fair quahty B P 130/68, August 13, 1919, 
226/120, February 20, 1926, 190/118, 12 hours after attack, next morning, 
180/108, that afternoon 160/90, following morning 120/80 It continued 
at about 120/90 OnMarchl,1926,apcncardialfnctionwasheard,in the 
Sth space near tlie sternum and lasted 2 days Leucocytosis present 
Temperature normal the first day, then ranged about 102° to 101°r for 
6 days, with a secondary rise to 100°r for 7 days during the third week 
E K G show ed typical high take-off in T 1 and T 2 and a marked Q 3 It 
IS interesting that tlie electrocardiograms taken about 12 hours after the 
attack did not show the characteristic changes in the T w av e which appeared 
later Patient made a satisfactory recovery , has remained ambulatory but 
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still complains of anginal attacks (2 years later) and the blood pressure has 
returned to about the level before the onset This patient was seen devel- 
oping hypertension after typhoid fever, the blood pressure gradually fell 
over the course of 48 hours It is significant that the first temperature was 
normal and the characteristic changes in the E El G did not appear till 
the second day. 

Case 62 Fig 5 H G B Male, 53 For 3 months shght dyspnea 
and palpitation One week before admission April 15, 1926, he caught 
cold, had aches and cough Four days later developed marked dyspnea 
and nocturnal orthopnea, and sharp aching pains across chest extendmg 
into nght arm in the form of attacks reheved by belching Heart was en- 
larged, apex impulse difficult to locate, action rapid and regular, a defimte 
pericardial friction was present Temperature 99 5°F by mouth No 
rectal temperature taken Pulse 130 E K G showed low take-off m 
T 2 and T 3 Patient was walking around the ward before complete 
examination could be made and died instantly on day of entry This was 
a fairly typical case In the electrocardiograms the T waves came off below 
rather than above the isoelectric hne The very low mouth temperature 
IS not at all uncommon during the state of shock, a rectal temperature how- 
ever, probably would have shown some fever 

Case 63 Fig 27 E 0 G Male, 75 Shght increase in dyspnea for 
6 months Twelve days before admission, March 22, 1926 had uncomfort- 
able oppression in the chest, in bed only 4 days One week later suddenly 
grew worse with dyspnea, epigastric distress and pallor Heart enlarged, 
regular, moderately loud apical systohc murmur. B P 142/56, March 22, 
1926, 96/70, 5 hours before he died. W B C 7,900 Temperature 99° to 
100°F Pulse 90 to 100 E K G were not very striking on first examina- 
tion but later showed quite charactenstic changes in the T wave Patient 
gradually grew worse and died Apnl 5, 1926 Autopsy showed occlusion 
of the circumflex branch of the left coronary artery, infarction of the left 
ventricle at the apex and extending over posterior surface and a mural 
thrombus There was no pericarditis, the infarction involving the internal 
portion rather than the external portion of the myocardium In this case, 
the electrocardiograms were distinctly helpful for the diagnosis was some- 
what obscure without them 

Case 64 Fig 78 J W Male, 57 For several years increasing 
dyspnea and cough No chest pain Entered hospital, March 29, 1926 for 
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treatment of congestive heart failure Heart was enlarged , moderately loud 
systolic murmur at apex and base, asthmatic type of r3.1es throughout chest 
Liver enlarged, moderate edema of the legs BP 140/110 WBC 
14,000 Urine showed considerable albumin, casts and red blood cells 
Phthalein test SO per cent Temperature normal for first month During 
his stay he developed pain in the left upper quadrant, thought to be due to 
infarct of the spleen EKG showed slight delayed conduction before 
digitahs was started Patient gradually worse and died. May 10, 1926, 
w ith a picture of myocardial insufiiciency Autopsy showed 1000 cc peri- 
cardial fluid with some fibrin This was probably due to pencarditis as 
there was no ascites or hydro thorax There w as a recent infarction involv- 
ing both ventricles and septum, an old healed infarct in the base of the left 
ventricle, anterior surface Coronary vessels were patent and not particu- 
larly sderosed Mural thrombi in both ventricles Infarcts of lungs, 
spleen and kidney This is another instance w here the element of infarction 
of the heart is masked by the previous long standing congestive heart 
failure It also illustrates the typical changes that occur in the ventncles 
despite the fact that the coronary arteries remain patent 

Case 65 Fig S3 S N Female, 49 Four weeks ago an attack of 
epigastric pain on walking, lasting a few minutes Smce then frequent 
similar attacks and recently they came without effort On the day before 
admission, June 24, 1926, had a very severe attack lasting 30 minutes 
Heart slightly enlarged, apex impulse not made out, no murmurs, sounds 
distant Liver shghtly enlarged and tender BP 185/110, June 21, 1926, 
145/85, June 24, 1926, 115/70, July 5, 1926 WBC 7,700 Temperature 
99 2°r for first 6 days E K G showed striking clianges in T 2 and T 3, 
also a marked Q 3 Patient did very w ell, but because the pain w as in the 
epigastrium the question of gallstones came up Intravenous cholecysto- 
grams were negative Patient recovered and IJ years later has angina 
attacks, blood pressure having nsen to about 170/90 This is a good 
instance of a case with mild symptoms suggesting gall-bladder disease 
E L. G ’s were very helpful 

Case 66 Fig 58 CNF Male, 56 Palpitation for 2 i cars Dur- 
ing past 4 months several attacks of severe cliest pain requiring morphia 
Last one began about 2 w ecks before admission, July 26, 1926, lasting almost 
a day Heart distinctly enlarged, gallop rhjtlim, scratchy sound heard 
dunng diastole B P 105/70, July 26, 1926 , 75/40, August 8, 1926 
WBC 15,000 Temperature 100°r first 2 days, normal thereafter 
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E K G showed notching of the Q-R-S complexes and slight dippmg in T 1 
Substemal discomfort continued most of the time While the patient was 
apparently doing fairly well, he suddenly had a collapse and died in a few 
minutes August 17, 1926 Autopsy showed thrombosis of the left coronary 
artery, with a recent infarction in the left ventricle and part of the septum 
Also there was a left ventncular mural thrombus, and in the posterior part 
of the left ventricle, a large area of fibrosis, probably an old infarct This is 
a fairly typical case in which death was sudden although no rupture oc- 
curred It IS in such instances that one may speculate that the death was 
due to sudden ventricular fibnllation 

Caze 67 Fig 35 J N I Male, 42 For 5 weeks typical anginal 
attacks Three days before admission, September 30, 1926, had severe 
attack lasting 6 hours Two days later another attack lasting 12 hours 
during which he received 6 doses of morphia With this there was slight 
dyspnea and cough The pain gradually tapered off into a dull ache in the 
chest Heart not enlarged, apex not seen or felt, distinct gaUop rhythm 
was heard, no murmurs There was marked cyanosis B P 180/100, 
August 1926, 135/75, September 30, 1926, 110/90, October 3, 1926 
W B C 13,500 (81 per cent neutrophiles) Phthalem 60 per cent October 
26, 1926 Temperature 102° to 103°F per rectum, first 7 days Pulse 140 
on admission, 100 to 120 dunng next 7 days EKG showed progressive 
changes in T 1 that were fairly charactenstic Patient gradually improved, 
W'as doing well, when on November 5, 1926, after learning of the death of 
a dear friend, he had a typical attack of violent acute pulmonary edema 
He again improved and was discharged as ambulatory 4 months later he 
died suddenly This was a typical case and it is interesting that 5 weeks 
after the attack an emotional upset produced pulmonary edema 

Case 6^ P A D Female, 76 Two years shght dyspnea Twm 
months ago an acute illness diagnosed bilateral pneumonia Three days 
before admission, June 27, 1926 developed nausea, vomiting, and went into 
coma Glycosuria was found Heart regular, sounds of fair quality, 
systolic murmur all over precordium B P 130/70 It was known that 
she previously had had hypertension W B C 33,900 (93 per cent neutro- 
philes) Unne showed no albumin, 2 2 per cent sugar and strongly posi- 
tive for diacetic acid Temperature 98°F rectally, pulse 115 Blood sugar 
0 88 per cent Patient w-as treated for diabetic coma receiving 85 units of 
msuhn in a few hours, but died on the day of admission Autopsy showed 
practically occlusion of the descending branch of the left coronary artery 
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No mural thrombi or pericarditis There was pulmonary edema This 
case was interesting in that both marked diabetic acidosis and coronary 
thrombosis were present at the same time It is also significant that ev en 
the rectal temperature can be normal, as was proved in this case 

Case 69 Tig 44 C U hi Male, 68 Patient was previously well, 
never having had any symptoms indicating angina pectoris Two days 
before admission, February 6, 1926, after a hard day’s work in the practice 
of medicine, ploughing through the snow to make his calls, he was taken with 
a severe clutching pain under the sternum, radiating to both nipples and 
both arms Later vomited Dunng the first 24 hours while pain was still 
present, heart rate was 62 During the next 4 days rate was from 90 to 
100 Heart was distinctly enlarged, when the rate had risen there was a 
definite gallop rhythm and friction rub B P 145/90, December 1925, 
136/80, February 5, 1926, 124/76, February 6, 1926, 94/62, February 7, 
1926 \V B C 13,200 (78 per cent neutrophiles) Temperature 100° to 
tOl'F for the first several davs DKG showed curves with character- 
istic changes in T 1 and Q-R-S waves were low in amplitude Patient made 
a splendid recovery and has been practising mediane for 2 years since the 
attack This case is rather typical except that during the first 24 hours the 
pulse rale was unusually slow The attack here came after a strenuous and 
fatiguing effort 

Case 70 F S T Male, 60 Increase in dyspnea since 1916 Also 
had 2 attacks of unconsaousness He developed the evidences of ordinary 
mild congestive heart failure in 1923, and was in the hospital several times 
at yearly intervals, each time improving under treatment Heart was 
always enlarged and showed a systobc murmur BP at all times was 
around 125 systolic and 90 diastolic He finally came m January 14, 1926, 
and gradually failed, with evidence of myocardial insufficiency Died 
February 20, 1926 DKG show ed a. vanety of disturbances in the rhythm 
at one time or another Transient auricular fibrillation, premature auricu- 
lar beats and nodal rhythm were observed at different times Autopsy 
showed adherent pericardium over the site of healed infarct, the descending 
branch of tlie left coronary was a solid cord for 2 5 cm , although patent 
below this There was a right auricular tlirombus and infarct of the lung 
There was an old infarct involving the apex of the left ventricle and lower 
portion of tlie septum Part of the ventncular wall was 2 mm m thick- 
ness This IS an example of silent coronarv thrombosis occumng in a 
patient with congestive heart failure 
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Case 71. HA Male, 60 One month before examination, June 23, 
1922, he had a sudden severe pain under the sternum while lifting a heavy- 
box Pam lasted 8 hours Previous to this he was always well He de- 
veloped temperature of 101°F. and fnction rub at that time Heart en- 
larged, regular, sounds very distant, S 1 almost inaudible No murmurs 
B P. 134/80 E K G showed sharp inversion of T 1 Patient did very 
well and had no chest pain whatever for 3| years In October, 1925 he 
had a second attack of chest pain, collapse and died in 8 hours This v as a 
t3^ical instance coming on durmg severe effort with very satisfactory re- 
covery for 3| years 

Case 72 Fig 2 HA Male, 58 Father died suddenly of heart 
disease at 54. One sister died suddenly’- of shock at 51 For 6 months 
before he was seen in consultation, February 14, 1926, he had pain under 
the sternum on walkmg On February 26, 1926, while in bed he was taken 
with severe pain m both elbows, later radiatmg to the chest, had a lot of 
gas and vomited for 4 days The distress in his chest lasted for several 
days Temperature 99 8°F Heart was regular, 1st sound dimimshed in 
intensity, no murmurs were heard, although 4 months later a definite sys- 
tohc murmur was present B P 130/90. Patient gradually improved and 
was in very good health for 2 j'ears when he suddenly died February, 1928 
Two months after the attack E K G was not particularly significant The 
interesting feature in this case is that the pam started and remamed locahzed 
in the elbov s for several hours. 

Case 73 S B. Male, 59 Patient was a very strong, hard working 
man For 6 months pain m the chest on effort Two days before he was 
seen in his home. May 14, 1926, while hftmg a heavy weight, he suffered a 
terrific pam in the mid-stemum This contmued He later vomited and 
developed edema of the lungs "When exammed he was unconsaous, heart 
soimds w'ere absolutely inaudible, lungs were fuff, of moist rales Patient 
was pulseless and no blood pressure readmg could be obtained Tempera- 
ture 96°F by mouth and 99 6°F by rectum Patient did not regain con- 
sciousness and died the same day This was a typical case coming m a 
powerful muscular man durmg a very strenuous exertion Unconsaousness 
and pulmonaiy edema developed rapidly and death was not instantaneous, 
occurring 2 days after the onset 

Case 74. G E B hlale, 63 Two years before he was seen at his 
home, May 31, 1923, a posterior gastro-enterostomy was done for duodenal 
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ulcer, since v. hen he has felt u ell, gained u eight, and worked hard On the 
morning of examination he had severe pain m his chest and w ent into shock 
Heart rate fell to 52, received \ gram morphine, pain continued Heart 
nas enlarged, acUon slow and regular, first sound of very good quahty 
Liver uas slightly enlarged Pew rales heard at both bases BP 142/94 
Temperature 100° to 101°F for a few days On June 2, 1923, definite 
pericardial friction rub was heard Later developed dyspnea and orthop- 
nea, Cheynes-Stokes breathing, and became irrational On June 10, 1923, 
developed hemiplegia and died This was a verj' typical case, cerebral 
embolus occurring from mural thrombus on the tenth day It is interest- 
ing that during the 1st 24 hours the pulse rate was very slow 

Case 75 A B Male, 46 Patient considered himself well and sought 
no medical advice, although on close questioning he admitted having a 
feeling of congestion m his throat when chmbing hills or in cold weather 
Eight days before he was seen m his home. May 6, 1927 while walking m 
the street he was taken with pain under the sternum extending into both 
anns He broke out into a cold sweat and became very weak After 12 
hours the pain turned into a mild distress Heart sounds w ere very distant 
especially tlie 1st sound No murmurs B P 130/80 Temperature 
100 8°F Pulse 90 Developed transient auricular fibrillation, an uncom- 
fortable feebng in the chest persisted He seemed to be doing fairly well, 
however, when on May 9, 1927, he suddenly died Neither the patient nor 
the physiaan knew that he ever had anything wrong with him previously, 
although careful questioning brought outa definite history of angina pectoris 
of 6 months duration 

Case 76 P F C Male, 56 Patient was previously in very good 
health, never having suffered any chest distress on effort before Thice 
days before he was seen at his home October 18, 1923, he was suddenly 
taken with severe pain in the upper chest radiating to the left axilla When 
seen Ins heart was very rapid, rate 167, heart easily slowed temporarily by 
vagal pressure Tachycardia avas considered to be due to auricular flutter 
Lnne contained 1 per cent sugar Temperature 99 4°, 99 6°, 100 6°, 102°r 
Uie first 4 days respectively Pulse avas 68 and 72 the first 2 days of the 
attack, later around 100 except for the transient tachycardia Patient 
gradually recovered and has done well the past 4| years The interesting 
feature of this case is that the patient dca eloped what seemed to be paroaj s- 
mal auricular flutter on the third day after the onset 
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Case 77 A D. Male, 64. Was a mild diabetic for 10 years Three 
years ago a similar but milder attack than the present one For 6 weeks 
definite anginal attacks on effort Thirty-four hours before he was seen 
at his home, January 28, 1927, after great excitement and runmng around, 
that resulted from fire breaking out in his home, he was taken with a terrific 
pressure in his chest which felt like “2 tons of bricks” hitting him The 
pain radiated to both arms This feehng continued for several days 
He also stated that his heart felt as if it was spreading or bursting. Heart 
shghtly enlarged, sounds very distant and slight systolic murmur was 
heard BP 102/80, January 28, 1927, 80/78, February 2, 1927 Tempera- 
ture 101° rectally A few days later heart was suddenly found to be very 
rapid, around 155 The rhythm although essentially regular had shght 
irregularities at times Vagal pressure produced no change Patient had 
previously been given large doses of digitalis The exact interpretation of 
this arrhythmia was diflicult, the various possibilities were auncular flutter, 
auricular fibrillation, or the rare condition of complete heart block with 
rapid ventricular rate as result of digitalis intoxication The condition 
seemed desperate Next day the possibihty of a ventricular tachycardia 
arose Qumidme sulphate (0 3 gram) w'as given intravenously which 
slowed the heart from 155 to 120 The rate became rapid again an hour 
later Qumidme was given by mouth after this in increasing doses, never 
more than 0 6 gram 1 1 d No effect was produced Intravenous ouabaine 
0 5 mgm was given as a remote hope, no change resulted Patient died, 
February 10, 1927 We now know definitely that the disturbance in the 
mechanism of the heart was ventricular tachycardia, and in the light of our 
experience with case no 133, we might have stopped the rapidity and there- 
by possibly saved this patient’s life if we had continued qumidme in increas- 
ing doses This case illustrates the importance of the bedside diagnosis of 
ventricular tachycardia which is now quite well estabhshed (63) 

Case 78 CD Male, 63 3 years before he had an attack of severe 

pain in the lower sternum and epigastrium, became pulseless and almost 
died This was called acute indigestion He was very well after this until 
4 days before he was seen at his home, July 15, 1920, when while lifting a 
row-boat he had a terrific attack of pain in the upper abdomen, broke out 
into a cold sweat, and seemed to be in collapse During the next few days 
the abdomen was somewhat distended and no fecal matenal could be ob- 
tained by repeated enemas Some gas, however, was expelled A surgeon 
was called because of the possibility of acute intestinal obstruction He was 
not satisfied with the diagnosis, bringing up the possibihty of a mesentenc 
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tlirombosis or some chest condiUon Heart was slightly enlarged, first 
sound definitely famt, slight basal systolic murmur Riles at both bases, 
slight dullness at right base (possibly due to high liver) Liver extended 
2 finger breadths below the costal margin B P 90/68 Temperature 
98 8°F by mouth, 100 6°F rectally Pulse 116 Diagnosis of coronary 
Oirombosis made rather than acute surgical abdomen Patient recovered 
satisfactonly and 2 months later died suddenly while in bed This case 
illustrates the importance of differentiating coronary thrombosis from acute 
surgical condition of the abdomen 

Case 79 W D Male, 65 For 2 years there was pain m the upper 
sternum radiating to the throat with a clioking sensation, coming at first on 
effort and later on rest Pour days before he was seen in his home, April 
16, 1926, he had the same sort of spell ‘‘only a thousand times worse ” 
The pain continued Heart slightly enlarged, 1st sound markedly dimin- 
ished in intensity BP 240/120 (1924), 110/78, Apnl 16, 1926 Tem- 
perature 99 8° and later was 101 2°F Heart rate 88 at first and later 106 
On April 19, 1926, a definite pericardial friction rub was heard, developed 
Cheynes-Stokes breathing and evidence of circulatory insuffiaenc> He 
gradually grew w orse and died Apnl 21, 1926 Thisisa typical instance of 
coronary thrombosis occurring in a man with previous hypertension and 
angina pectoris 

Case SO Pig 21 J E Male, 59 Por 4 months typical anginal 
spells on effort Seven days before he was seen as an ambulatory patient, 
February 25, 1926, the s ime sort of pain began that he previously had but 
did not let up It continued for about a week It did not prevent his 
walking around although it w as rather annoying No murmurs in the heart, 
but the sounds were very distant Heart not rapid ERG showed a 
rounded T 2 and a sharply inverted T 3 Patient recovered and except for 
occasional attacks of anginal pain has remained in fair health for 2 years 
In this case it is interesting that the attack of coronary tlirombosis de\ eloped 
almost insensibly after a 4 month’s interval of angina pectoris Patient 
remained ambulatory altliough the pain which was mild was continuous 
E K G ’s w ere X ety helpful 

Case St M E Male, 51 Altliough this patient knew he hod hyper- 
tension with definitely no evidence pointing to a previous angina pectoris, 
14 days before he was seen at his home November 28, 1924, without any 
previous warning he had a severe clutcli in the chest, became ashen in color 
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and went into collapse Heart sbghtly enlarged, sounds very distant, rate 
88 BP 210/120 hour after onset), 114/70, November 21, 1924 
W B C 20,000 Temperature 100 3°F Pulse 120 Patient was in bed 
for 6 weeks and made a very satisfactory recovery He did very well for 
li years, then began to have dyspnea B P rose to 176/110 In the fall 
of 1926, at which time E K G showed curves of very low amphtude, he 
grew gradually worse, having nocturnal orthopnea and dyspnea He showed 
gallop rhythm, Cheynes-Stokes breathing and marked evidence of conges- 
tive heart failure There was no chest pain He died December 27, 1926 
This was a t37pical case in which there was no precedent angina, recovery 
took place, death occurred 2 years later from congestive heart failure 

Ca^e 82 Fig 22. J F. Male, 47 Marked family history of angina 
pectons in that his father and a brother died of it Was weU up to 8 weeks 
before he was seen in the office, December 2, 1925, when he was suddenly 
taken with severe pain in the chest, radiating to the back and to the throat 
The pain lasted 5 days He was in bed several weeks, and was free from 
pain after this Heart distinctly enlarged, action regular, first sound quite 
faint B P 136/90 E K G taken 2 months after the attack showed 
changes in T 2 and T 3 that are t)q)ical of the late findings in coronary 
thrombosis This case illustrates quite well the helpfulness of electrocardio- 
grams in the diagnosis of a previous coronary thrombosis 

Case 83 Fig 25 S F Male, 45 For 7 years there were typical 
attacks of angina in which the pain radiated to the gums One week before 
he was seen in the office, November 9, 1925, as an ambulatory patient he 
had ternfic attack of chest pain, lastmg about a day in which he did not get 
the customary rehef from mtroglycerme Heart not enlarged, action 
regular, first soimd almost inaudible B P. 140/80 (November 9, 1925 
during anginal pain) , 108/78 (3 minutes later after rehef from mtroglycenne) . 

E K G showed sharp inversion of T 3 This patient recovered from the 
attack of coronary thrombosis, although at no tune did he go to bed for it, 
but since then for the past 2 years has had very frequent anginal attacks, 
sometimes requmng 80 mtroglycenne tablets a day This case is interest- 
ing in that patient recovered although he remained ambulatory throughout 

Case 84. A G Male, 53 No previous angina 8 weeks before he was 
seen at his home October 30, 1926, he had a terrific attack of pam in the 
chest and vomited several times Pain lasted several days, and in the wake 
of this developed signs of congestive heart failure Heart shghtly enlarged, 
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sounds diminished in intensity, no murmurs Liver considerably enlarged , 
numerous moist rales at both bases and musical asthmatic riles throughout 
the lungs B P 105/70 He was treated with digitalis and potassium 
iodide, at one time was quite dyspncic and showed Cheynes-Stokes breath- 
ing, but finally unproved In January, 1927, while apparently doing satis- 
factonly he suddenly died This was one of the few cases in which there 
was not only coronary disease, but asthmatic bronchitis 

Case S5 M G Male, 43 Sixteen months ago he had attacks of 
angina pectoris 3 days before he was seen in his home, April 14, 1927, 
he had a severe attack of “squeezing” pain in his chest lasbng 24 hours He 
found it hard to breathe and vomited several times Heart not enlarged, 
action regular, rate 94 First sound of good quality, no murmurs B P 
180/100 (1925), 116/90 Apnl 14, 1927 Temperature 98“F Recovered 
satisfactorily and has been back at work ever since In this case the pre- 
vious hypertension disappeared with the attack, it is interesting that the 
quality of the 1st heart sound was normal, although in most cases it has 
been found to be faint 

Cose S6 Fig 26 J G Male, 46 Both the father and a brother 
died suddenly at age of 42 of angina pectons For 1 month previous to 
the attack he had anginal spells Fourteen days belore he w as seen at his 
home, August 31, 1925, he had an attack of collapse with severe chest 
“constriction,” broke out in cold perspiration, and vomited The pain 
lasted 24 hours, then there was a soreness in the chest Heart distinctly 
enlarged, 1st sound very distant Shght basal systolic murmur B P 
110/70, August 31, 1925 , 90/79, September 16, 1925, 120/78, March 31, 
1927 After a very critical illness patient recovered and has had only 
occasional mild anginal attacks for the past 2§ years ERG several 
months after the attack showed a Q 3 and sharply inverted T 3 This is 
a fairly typical severe case, w-ith satisfactory recovery The staking family 
history of angina pectons occurring early in life is w orthy of note in tins case 

Case S7 D G Male, 60 For 5 years definite angina pectoris One- 
half hour before he was seen in his home, November 5, 1926, he was taken 
with a terrific attack in which he collapsed When examined he was cold, 
semi-conscious, skin was moist, and pulse was barely perceptible Heart 
rate 102, sounds almost inaudible B P 80/70 Patient died in 3 hours 
This case illustrates the tjpe m which death occurs rapidly in a patient in 
a state of collapse 
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Case 55 S H Male, 67 Ten years previously he was known to 
have had h37pertension For 2§ years he had attacks of “indigestion with 
belching of gas ” 28 hours before being seen at his home, December 7, 
1921, while nding in an automobile he had severe pain under the lower 
sternum, vomited, and collapsed The pain felt “like a load” in his chest, 
radiated to the left arm and continued for 2 days When seen, he was still 
in a cold sweat Heart shghtly enlarged, first sound absolutely inaudible, 
no murmurs B P 156/90 Patient gradually recovered after a long ill- 
ness, returned to work, and 12 months later went through a similar attack 
and again recovered He has remained in fair health for the past 6 years, 
attending to his duties as a merchant This case illustrates the fact that 
after recovery from the coronary thrombosis the patient may remain in 
satisfactory health for many years 

Case 89 Fig 33 J. H Male, 58 For 3 years mild anginal symp- 
toms on effort Five days before he was seen in the office, April 14, 1927, 
as an ambulatory patient, he had a constant pain under the sternum and 
belching of gas, lasting \\ days, not reheved by nitroglycerine After the 
2nd day the pam was entirely gone The morning after the onset tempera- 
ture was 100 5°F and he had transient auricular fibrillation Heart shghtly 
enlarged There was a faint systolic murmur at the apex, 1st sound dimin- 
ished in intensity and there were occasional premature beats B P 166/98 
(1925), 134/85, Apnl 14, 1927 E K G were taken before the attack and 
shortly after the onset, and showed distinct change in the form of the T 
waves Patient took it easy only dunng the 1st two days, yet made a 
satisfactory recovery He has been practicing medicine ever since, al- 
though he has let up in the amount of work This was a fairly typical 
mild case in which the minor changes that took place m the electrocardio- 
grams after the spell as compared to the form of the curves before the attack 
were both significant and helpful 

Case PO B H Female, 72 Anginal attacks for 3 months Two 
veeks before she was seen at her home, April 5, 1926, had a severe attack 
of constriction of the chest, broke out in a cold perspiration and vomited 
The acute pam lasted 2 hours and following this there was soreness in the 
chest Heart negative except for a shght systohc murmur BP 220/120 
(February, 1926), 100/60, March 26, 1926 Patient developed transient 
auricular fibnllation In the course of the next several weeks increasing 
evidence of congestive heart failure and Cheynes-Stokes breathing devel- 
oped She gradually grew worse and died in May, 1926 This is a typical 
case of coronary thrombosis developing in a hypertensive individual 
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Case 91 Fig 34 J F H Male, 44 For 1 year anginal attacks 
Four weeks before being seen in his home, January 11, 1927 , he had a ternfic 
attack of “pressure” m his chest extending into both arms, this lasted 24 
hours after which there were milder attacks of pain Heart was enlarged, 
regular, first sound slightly diminished in intensity, no murmurs B P 
160/110, November 8, 1926, 140/104, January 11, 1927 Patient continued 
to have minor anginal attacks which were deadedly helped while taking 
euphylhn He returned to work and in December 1927 had a sudden 
attack of acute pulmonary edema without pain He again improved very 
strikingly as a result of phlebotomy, and now is ambulatory This case is 
interesting in that about a year after an attack of coronary thrombosis 
patient had an attack of acute pulmonary edema without chest pain 

Cose 92 H K Female, 50 Five years before she had a severe 
attack of angina pectons Since then suffered “compression” in the ensi- 
form region on effort On the day before she was seen in her home, Febru- 
ary 28, 1923, she had a terrific attack and the pain continued Heart was 
regular except for an occasional premature beat, when suddenly during tlie 
examination the heart rate accelerated to 180, this was considered to be 
paroxysmal ventricular tachycardia B P before this disturbance oc- 
curred was 140/88 Patient died 5 hour later This case illustrates the 
possible gravity of the development of ventncular tachycardia in a patient 
witli coronary thrombosis The treatment of this condition with qumidme 
has been discussed elsewhere 

Case 93 Fig 38 F W K Male, 72 For several months had mild 
anginal symptoms Six days before he was seen at his home, July 3, 1925, 
he was taken with a compression of the chest which at first was not very 
severe, but gradually grew worse in the course of the next few hours, re- 
quiring 3 doses of morphia hypodermically Severe pain lasted 18 hours 
Heart not enlarged, first sound faint, no murmurs Rftles were heard at 
both bases B P 160/95 (June 27, 1925 shortly after the onset) 118/82, 
July 3, 1925 Temperature 99° to 100°r for 1st 4 days Pulse 80 to 90 
the first day and 100 to 110 for next 3 days Patient made a very satis- 
factory rcco\ ery and w as w ell for 2 y ears In August, 1927, he had a some- 
what similar attack, slightly less severe and again rccov ered He is now 
ambulatory and in fair healQi DKG taken October 25, 1927, were not 
particularly remarkable This case was aery carefully obsened through 
the 2 attacks of coronary thrombosis w ith an inters al of good health lasting 
2 years 
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Case 94 N L Male, 51 Had hypertension for 3 years and angina 
for 3 months Four days before he was seen in his home March 1, 1927, 
he had veiy severe attack of pain in the center of his chest which continued 
for 3i days. Heart shghtly enlarged, sounds very faint, frequent prema- 
ture beats were heard B P 92/55, February 27, 1927, 115/75, March 1, 
1927 On the day following the onset the pulse was suddenly found to be 
40, this probably was 2 : 1 heart block. The outcome of this patient is not 
known. 

Case 95 H L Male, 56 Two brothers died of coronary thrombosis 
at the ages of 55 and 62 In 1923 patient was operated on for lymphosar- 
coma of the small intestine After this he was in very good health until 2 
days before he was seen in his home March 3, 1927, when he was taken with 
3 terrible attack of pain in the chest and collapse while dehvenng an address 
When his doctor reached him, patient was pulseless, unconscious and almost 
dead. He injected 1 cc of 1/1000 adrenahn in the arm, and shortly after 
this, patient revived When he was seen in his home, heart was not en- 
larged, regular, rate 104, sounds dimimshed in intensity, no murmurs 
B P. 120/70, March 2, 1927, 90/50, March 3, 1927. Urine contained 3 per 
cent sugar Temperature 97 S^F by mouth, 101°F rectally Pulse 100 to 
110 He developed marked dyspnea and Cheynes-Stokes breathing for 
which he was given caffeine subcutaneously He improved after this 
Glycosuria disappeared without msuhn From March 10, 1927, to March 
14, 1927, he had pericardial fnctxon rub March 12, 1927, he had right 
hermplegia and aphasia from which he partially recovered Dunng the 
second week he suddenly developed a rapid heart rate of 170 essentially 
regular with slight changes in the rhythm and varying intensity of the 1st 
heart sound, vagal pressure produced no effect He was given increasing 
doses of quimdine, and on 0 5 gram normal rhythm was restored This 
disturbance in the mechamsm was considered to be due to ventricular 
tachycardia He again improved and was domg very well, when on April 
26, 1927, the morning he was e.^ecting to sit up in a chair for the first time 
he suddenly died For 2 weeks before this he had received no medication 
In this case we have instances of 3 brothers all dying of coronary thrombosis 
It also illustrates how easy it is to overlook the fever if the temperature is 
taken by mouth. Finally, this is a further example of ventricular tachy- 
cardia respondmg to quimdine sulphate 

Case 94 S L Female, 67. Asthma for many years Three days 
before she was seen at her home February 21, 1926, was taken with a sudden 
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pain under the sternum, vomiting and collapse The heart was not en- 
larged, regular, rate 80, no murmurs, sounds of fair quahty B P 120/60 
(a feu da>s before systolic pressure uas 150) Temperature 99 5°F Pa- 
tient developed mental symptoms, became irrational, gradually grew worse 
and died, February 30, 1926 This is another case that might have been 
called acute indigestion 

Cose 97 ML Male, 62 Brother of case no 95 For several years 
had mild diabetes, blood pressure over 200 systolic, and for 4 years definite 
anginal attacks Thirty-siv hours before he was seen June 3, 1923, he 
suddenly developed marked sternal pressure and terrific edema of the lungs, 
raising a great deal of pink frothy sputum Patient was cold serm-con- 
scious and heart sounds were barely audible, rate 116 During the first 2 
hours of the attack the systolic blood pressure fell from 170 to 130 and then 
to 100 Partial heart block was detected on auscultation He received 
adrenahn with temporarj improvement, but died 6 hours later, June 3, 
1923 In this case the marked feature was the sudden onset of pulmonary 
edema 

Cose 9S S L L Male, 65 For 10 years has had hypertension 
Three w eeks before he was seen in his home December 6, 1924 he had sudden 
substemal distress, marked dyspnea and vomiting Two days after the 
onset he had a pericardial fricbon rub and later had transient auncular 
fibrillation BP 150/100, December 6, 1924 He gradually developed 
signs of congestive heart failure, pitting edema of the legs, Chejmes-Stokes 
breathing and dyspnea, for a while he improved on digitahs, but then grew 
worse and died Januarj 5, 1925 This is a very Dqncal case in which con- 
gestive heart failure developed and proved fata! 

Case 99 I hi Male, 52 Mild angina tor 2 j ears Two weeks before 
he w as seen in his home. May 9, 1925, he had an attack of severe chest pain 
which lasted for 2 days Edema of the lungs developed Examination 
showed distant heart sounds and a definite pericardial friction BP 
160/84 (tlie reading was 120/70 the day after the attack ) Patient re- 
covered very saUsfactonl> md has remained fairly well for the past 2J 
> ears There is nothing unusual in tins case 

Case 100 B M hlale, 47 For 2 y ears he had attacks of distress in 
his chest which w ere suspected of being due to angina pectons Tw o w eeks 
before he was seen in his home, December 9, 1924, he had the same sort of 
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attack, only a great deal worse He later raised bloody sputum On ex- 
ammation heart sounds were almost inaudible Liver was enlarged and 
tender, B P. 96/70 He had two transient attacks of auncular fibnilation. 
The cough, bloody sputum and dyspnea gradually cleared up, patient re- 
covered and has remained m fairly good health in the past 3 years The 
interesting feature in this case is the development of pulmonary edema and 
hemoptysis This may have been due to infarct of the lung coming from a 
right ventricular mural thrombus 

Case 101 E M. Female, 58 For 6 months repeated anginal attacks 
Three days before she was seen at her home, January 5, 1927, she had a 
very severe attack of compression of the chest which contmued for 24 hours 
Heart was somewhat enlarged, sounds of good quahty, action regular 
BP 240/140 Temperature 100 4°F Pulse 98 Ophthalmoscopic ex- 
ammation showed marked retmal arteno-sclerosis After the pam had 
subsided she felt fairly comfortable and 5 days after the onset, while appar- 
ently well, she suddenly died This case illustrates very well the rare in- 
stance m which blood pressure does not faU 

Case 102 Fig 43 W E M Male, 55 First attack of angina was 
5 weeks before One week later had a bad attack of pam in the chest 
lasting 24 hours When seen, December 23, 1926, the heart was consider- 
ably enlarged, regular, rate 100, sounds somewhat distant B P 102/90 
At this time patient was ambulatory, at work and feehng shghtly weak and 
apprehensive, E K G. showed a typical rounded mverted T 1 Before 
these tracmgs were exammed it was doubtful whether the attack that 
occurred one month before was very serious The diagnosis of coronary 
thrombosis was greatly aided by the electrocardiograms Patient kept at 
his work against advice and on February 11, 1927, he suddenly died This 
case illustrates the value of electrocardiography in the diagnosis of a pre- 
vious recent attack of coronary thrombosis 

Case 103 Fig 48 CM Male, 55 For several months dyspnea on 
walking March 1, 1925 he had a severe pam imder the sternum radiating 
to both arms, became ashen and grew very weak Pain lasted off and on 
for several days and then he gradually recovered One month later after 
he was up and about he had a sumlar attack With this he had transient 
auncular fibrillation. When seen, June, 1925, heart was enlarged, action 
regular, shght systohc murmur was present B P 190/110, January, 1925, 
130/110, April, 1925. Temperature 102°F dunng the first attack Gradu- 
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ally lecovered Tormerly he was very obese, weighing 260 pounds, but on 
advice he lost SO pounds He has an occasional attack of angina now, but 
has remained m fair health for years In this case there were 2 separate 
episodes of severe chest pain of long duration \\ ith collapse, the second com- 
ing 1 month after the first It illustrates the importance of a longer period 
of rest in bed 

Case 104 Pig 50 M M Male, 44 No previous angina While 
at home a few hours before he was seen, October 30, 1926, he suddenly had 
severe pain m tlie chest radiating through to the bacl^, up to the neck and 
down both arms With this he found it hard to breathe and vomited 
Pain lasted about 24 hours Heart not enlarged, sounds normal m quality, 
no murmurs BP 102/64 Temperature 100° to 102°r for 5 days Pulse 
90 to 100 Urine contained slight trace of sugar For a few days before 
this illness he had a slightly sore throat Patient recovered satisfactorily 
after a long period of rest in bed and has remained in good health for the 
past year E K G taken several months after the attack showed a promi- 
nent Q 3 This IS a fairly typical case in a patient who had no previous 
angina 

Cose 105 Fig 55 M O Male, 49 For 2 months he had mild an- 
gmal attacks Two weeks before he n as seen m the office as an ambulatory 
patient, December 7, 1925, he had a severe attack tliat awoke him from 
sleep, which lasted 3 hours Heart shglitly enlarged, sounds very distant, 
no murmurs, frequent premature beats B P 100/70 E K G showed 
frequent ventricular extra systoles and complexes of low amplitude Pa- 
tient made a satisfactory recovery and has been at work for tlie past 2 
years This apparently n as a mild attad^ from which the patient recovered 
without spending more than a few days in bed 

Case 106 Fig 57 F P Male, 54 On careful questioning no pre- 
vious history of angina could be ascertained, although 7 > ears before he had 
a somewhat similar but milder spell tor which he was in bed for 2 weeks 
One month before he w as seen m the office, J anuary 14, 1927, he had severe 
chest pun which continued for 36 hours Pam gradually let up but he 
remained in bed for about 3 w eelcs Heart not enlarged, first sound of good 
qualitj , no murmurs B P 145/88 E K G taken one month after the 
attack was esscnualK normal The patient conPnucd to do v ell and has 
been at work c\cr since It is interesting in this case that electrocardio- 
grams one montli after the onset of the attack were normal 
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Case 107 S. P Male 44 This patient was previously in excellent 
health, being able to do strenuous things without chest distress. Seven- 
teen days before he was seen in his home, February 6, 1925, he had terrific 
feehng of pressure under the ensiform cartilage, became short of breath and 
very restless The pain lasted several days Heart slightly enlarged, 
regular, with definite gallop rhythm. First sound faint, systohc pressure 
140 the first day and dunng the next few days gradually fell to 95 He 
developed a pericarditis and transient fibnllation was also noted Tempera- 
ture 101°F the first 3 days, then gradually fell to normal by the end of one 
week The patient recovered after 7 weeks of bed treatment, and returned 
to work One year after the attack he was still in good health This was a 
t 3 ^ical severe case with satisfactory recovery 

Case 108. J P Male, 67 This patient was a powerfully built, muscu- 
lar man For 4 weeks he had typical anginal attacks on effort. Six hours 
before seen at his home, May 6, 1927, he had a terrific attack of compression 
in his chest with the pain radiating down both arms and wrists He then 
vomited Heart not enlarged, regular, first sound muffled, no murmurs 
B P 135/85 Pain lasted about 12 hours and then there remained an ache 
in the chest Patient gradually recovered, became ambulatory and re- 
turned to his work This was a typical case with recovery 

/ 

Case lOP S R Female, 56 Was apparently in good health until 25 
days before being seen m her home, April 14, 1926, when she had a very 
severe attack of pain in the chest lasting 3 days She remained m bed and 
was doing well until 24 hours ago when severe chest pain returned, followed 
by a collapse Heart regular, sounds distant, no murmurs. B P 180/100, 
March 20, 1926, the day of the first attack This gradually fell to 135/80 
On Apnl 13, 1926, the readings were 96/40, April 14, 1926, 50/35 Tem- 
perature 99 6°F., March 22, 1926, 103 8°F , April 14, 1926 Pulse 100 to 
120 Patient seemed to be in a state of shock and died the following day 
It is interesting here that as late as 3 weeks after the first pain, while the 
patient was apparently doing weU she went mto coUapse and died 

Case 110 A H R Male, 63 For 4 years had anginal attacks Ten 
hours before he was seen, February 21, 1923, he had terrific pain in his chest 
and became unconscious Patient was cold, clammy and in state of severe 
shock Heart sounds were almost inaudible, rate 130, grossly irregular 
Radial pulse could not be felt and no blood pressure could be obtained 
There was Cheynes-Stokes breathing He was given intravenous strophan- 
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thin without any beneficial effect, and he died 12 hours later This case 
illustrates the type in which unconsciousness develops soon alter the onset 
of the attack 

Case 111 I S Male, 59 Had hypertension for several years In 
August, 1926, had a right hemiplegia For past 2 months had anginal 
attacks, readily relieved by nitroglycenne Two days before being seen 
at his home, March 19, 1927, had an attack of more severe chest pain 
radiating to the left arm which persisted and was not reheved by nitrogly- 
cenne Heart considerably enlarged, sounds were distant, a definite gallop 
rhythm, no murmurs Heart rale 110, which occasionally would change to 
55, indicating a 2 1 heart block BP 210/110, January 1927, 154/84, 
March 19, 1927 , 190/100, May 8, 1927 Lungs showed evidence of asth- 
matic bronchitis Temperature 101 6°F rectally Patient gradually re- 
covered and blood pressure rose to the previous high level, and with this 
anginal attacks returned This was greatly helped by euphylhn On 
August 9, 1927, severe and constant chest pain returned and he died 3 da 5 ^ 
later This case showed a partial heart block and blood pressure did not 
fall to a very low level, and as it became elevated again, a second and fatal 
attack of chest pain occurred 

Case 112 J S Male, 56 For 16 months he had anginal attacks 
Twenty-four hours before he was seen in his home, March 3, 1922, he had 
sudden severe chest pain while in bed This persisted until 2 hours ago 
when he became pulseless and cold Heard sounds almost inaudible, no 
murmurs, action regular with an occasional loss of an entire beat, indicating 
partial heart block B P 80/66 Patient did not respond to stimulation 
and died the follow mg day There was notliing particularly imusual about 
this case 

Case 113 Fig 62 D S Male, 67 History of gout and for 1 year 
had occasional attack of angina pectoris Sc\ en days before he w as seen in 
his home, February 11, 1926, he had a temfic constriction in his chest and 
vomited several times Twodajslatcrhehadaspellol transient auricular 
fibrillation B P 228/108, February 11, 1926, 185/90, October 29, 1926 
After 2 days the pain let up but kept recurring dunng the following week 
He gradually recovered and has remained in fair health during the past 2 
years E K G taken February 4, 1927, were not remarkable The pre- 
\ious history of gout in this case is a point of interest 
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Case 114 S S Male, 54 For 3 weeks there were frequent spells of 
angina pectoris on slight exertion One hour before he was seen December 
30, 1924, he had a most violent attack of pain in the chest which produced 
terrible agony. He was thrashing around in bed, hterally teanng the skin 
of his chest, crying out that he wanted to die Patient was in a cold 
sweat, no pulse could be felt, heart sounds were almost inaudible, the rate 
changing from 80 or 90 to 40, and at times there would be complete stand- 
still of the heart for several seconds Apparently there was intermittent 
complete heart block Blood pressure 8 days before this attack was 144/80. 
Patient died about a half-hour later. In this case the striking thing was the 
terrific agony that the patient suffered and the heart block that developed 

Case 115 Fig 65 T J S Male, 46 On July 3, 1925, was suddenly 
taken with an attack of pain in the chest, perspiration and weakness Be- 
fore this he never had chest discomfort but since then his heart has felt 
“high up m the throat ” When seen m the office August 17, 1925, heart 
was not enlarged, occasional prematiue beats were heard, shght systohc 
murmur was present B P 90/60, July 5, 1925, 120/70, August 7, 1925 
Two days after the onset, temperature 99 0°F , pulse 110 E K G August 
7, 1925, showed a prominent Q 3 and a large inverted V-shaped T 3 Pa- 
tient did very well, returned to his work as a surgeon and 2 years later, in 
May, 1927, he fainted at the operating table, and died suddenly half an 
hour later This was a very t)q)ical case in which electrocardiograms 
one month after the attack were extremely helpful in the diagnosis 

Case 116 I S Male, 65 For 2 weeks he had anginal attacks even 
at rest Several hours before he was seen at his home, March 22, 1927, he 
had a terrific pain in the chest for which his physician admimstered ether 
Heart sounds very distant, no murmurs Frequent premature beats were 
heard Temperature 99 2°F Pulse 63 Patient gradually recovered and 
has been back at work this past year It is mteresting in this case that 
ether was used to reheve the patient of chest pain 

Case 117. I S Male, 57 For 4 weeks before he was seen at his home, 
July 8, 1925, he had violent pain m his chest lasting 24 hours After this 
increasing evidence of cardiac decompensation developed Patient was 
sent away to the country for a rest, he was permitted to be out of bed dunng 
the day although he suffered from orthopnea during the night He grew 
worse and returned home VTien he was seen, he was in extremis The 
heart was enlarged, sounds dimimshed, action regular. B P 112/84 July 
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8,1925 Liver was enlarged and tender Temperature lOO^F Pulse 110 
Patient died the same day In this case congestive heart failure developed 
m the wake of an attack of coronary thrombosis It was poor advice to 
allow this patient to travel and to be out of bed after the attack 

Case Its F M S Male, 63 Seven years before typical angina 
developed Two years ago he had a left cervical sympathectomy with 
complete relief of the anginal symptoms Ten weeks before he was seen 
in his home, Apnl 24, 1926, a sudden attack of chest pain returned while 
the patient w as m bed The agony was terrible and lasted 3 days After 
the pain let up there was temporary improvement but this was followed by 
signs of cardiac decompensation Heart sounds were very distant, there 
was distinct gallop rhytlrra and pulsus altemans B P 190/116, January 
10, 1924, 100/80, February 12, 1926 (directly after the attack) 145/100 
Apnl 24, 1926 The day after the attack W B C 21,000, temperature 
102°F , pulse 120 Marked dyspnea and orthopnea developed Cheynes- 
Stokes breathing was present After a long illness he died June S, 1926 
It IS interesting m this case that although a cervical sympathectomy com- 
pletely relieved the patient of anginal spells, even on extreme effort, 2 
years later violent chest pain accompamed the coronary thrombosis The 
finding of pulsus altemans is not at all tare 

Case 119 Fig 67 C S Male, 64 For 10 days there were mild 
anginal spells Four hours before he was seen June 11, 1924 he had a 
ternfic pam in the chest radiating into both arms, lasting about 24 hours 
Heart not enlarged, first sound fair quaht>, no murmurs B P 160/95 
(before the attock), 140/90, June 11, 1924, 128/80, June 16, 1924 Tem- 
perature 99 4°r Pulse 90 E K G showed shght changes in the T wave 
which disappeared m the foUonng year Patient made an excellent re- 
covery and for the past 3J years has had no chest pain This is a typical 
case of moderate seventy w ith excellent recovery 

Case 120 M T Male, 67 For past IJ years attacks of angina, the 
pain radiating to both arms and into the right ear Fiv'e days before he 
was seen in his home, March 16, 1927, he began to have attacks that would 
last 2 to 3 hours, and yesterday a terrific pain began which has continued 
Heart was enlarged, sounds were very distant, defimte gallop rhythm was 
present Temperature 99 ST by rectum Pulse 74 Numerous riles 
at both bases Pam finally disappeared when he began to have dyspneic 
attacks with Cheynes Stokes breathing Signs of congestive heart failure 
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developed and hver became enlarged. He finally died April 20, 1927 
the interesting features were the premonitory S)anptoms for sevei 
when the attacks that previously lasted a few minutes began to la 
hours It IS also significant that the pulse rate remained slow for 
after the beginning of the attack of coronary thrombosis 

Case 121 ALKV Male, 70 For several years he had beer 
thyroid gland for myxoedema Angina pectoris for 3 years Whi 
at home, a few hours before he was seen, May 25, 1923, he had a 
attack of pain in the chest with suffocation and cold perspiration 
hours later a definite pericardial friction rub was heard lasting j 
Heart sounds very distant During the subsequent days transient 
lar fibrillation developed. Temperature 100 2°F May 25, 192 
recovered very satisfactorily and after a month in bed went to his ( 
home. During the following week he suddenly developed a heir 
and after this gradually grew worse and died August 15, 1923 I 
mficant points here are the development of angina pectoris, and cc 
thrombosis in a patient who had been taking thyroid gland for myxo 
This is not an uncommon occurrence Furthermore, it is mteresting 
cerebral embolus developed as late as 5 weeks after the coronary throi 
This indicates that the penod of rest m bed should have been longer. 

Case 122 R W Male 66 On definite questiomng there had 
been any previous anginal attacks The day before he was seen, A] 
1927, he had severe upper abdominal pain and belching of gas This 
4 hours and then he expenenced bad vise-hke pain in the chest and vo 
which lasted for 2 days Heart shghtly enlarged, sounds dimims 
intensity, no murmurs B P 160/100 (July 1926), 98/70, April 10, 
Temperature lOO^F Pulse 90 Patient had a very satisfactory rei 
and has been at work ever since. This was a case of moderate severit; 
the pam localized in the upper abdomen for the first few hours. It : 
an instance in which the attack of coronary thrombosis was the 
evidence of heart disease 

Case 123 S W Female, 60 She was definitely free from any 
distress before this attack Three hours before she was seen in her 
December 29, 1926 had a terrific pain in her chest while in bed, wen 
collapse, became pulseless and vomited Heart slightly enlarged, fre 
premature beats, no murmurs Sounds almost inaudible BP R 
December 30, 1926, 116/70, January 1, 1927 Temperature 96 6°, 
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and 100 2°F by rectum, 6 hours, 12 hours and 22 hours after the onset 
respectively Pulse 62 dunng the first 24 hours and did not nse any higher 
Rales were present at both bases Patient had an uneventful recoverv and 
has remained well for the past year This case illustrates the slow pulse 
at the onset, and the gradual development of the fever 

Cose 1Z4 E W Male, 64 Anginal attacks for 1 year Five da\s 
before he was seen in his home, January 26, 1923 he had a very violent at- 
tack of pain in the chest with cold perspiration Heart slightly enlarged, 
sounds distant, absolutely irregular in rhythm (next day heart was regular) 
RUles at both bases BP 130/80, January 26, 1923, 160/80, Februarv 21, 
1924 Temperature 99 8°F , pulse 84 durmg tlie first day Patient re- 
covered and dunng the convalescence a systohc murmur and gallop th>thm 
Mere heard Angina pectoris returned EK.G 2 months after the attack 
showed an inverted T 1 and curves of low amplitude Phis has since be- 
come normal He attended to his business for the last 5 years and died 
Apnl, 1928 It IS interesting here that the abnormahties in the E K G 
practically entirely disappeared 

Case 125 R S W Male, 58 In August, 1925, he had an attack of 
pulmonary edema Since then there was some dyspnea and constriction 
in the chest on effort Four days before he was seen in his home February 
19, 1926, he had another attack of pulmonary edema associated with marked 
pain in his chest On examination he was found to be in extremis, cold and 
moist, heart sounds barely audible and absolutclv irregular B P reading 
could not be obtained, where previously systolic had been 140 He died a 
few hours later This case w as typical of a form that has acute pulmonary 
edema 

Case 126 Fig 82 S Z Male, 50 Previously he was in excellent 
health Four hours before he was seen January 11, 1927, he had an attack 
of chest pain and went into a cold perspiration Heart showed frequent 
premature beats No murmurs, first sound faint B P 110/85 (2 hours 
after onset) 128/95, two hours later, 145/100, February 9, 1927 Tem- 
perature 100°F E K G show ed sharply inverted V-shaped T 3, February 
9, 1927 Patient has done well and has been back to work for the past j car 

Case IZl M Z Female, 68 Two days before seen at her home, 
April 8, 1923, she had sexerc epigastric distress and feehng of pressure, and 
the followang day she xomited and had marked constriction of the chest 
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Heart showed a loud systolic murmur all over the precordium B.P 130/90 
April 7, 1923, 80/58, April 8, 1923 Urine contained 0 3 per cent sugar 
Temperature 101°F , pulse 100 Patient died April 10, 1923 The only 
remarkable feature here is the locahzation of symptoms in the epigastrium 
during the first day 

Case 128 M Z Male, 70 For many years has had frequent gall- 
stone cohc attacks Thirty-six hours before seen in his home, September 
14, 1925, he had sudden severe epigastric pam, vomited several times and 
went mto collapse He later became unconscious. Heart sounds could 
not be heard at all Breath sounds were noisy. B P 80/70 Tempera- 
ture 100°F by rectum He gradually failed and died September 15, 1925 
Here coronary thrombosis developed m a patient who previously had many 
attacks of gall-stone cohc 

Case 129 A A Female, 61 For a year had diabetes, hypertension, 
albuminuria and mild angmal symptoms Two days before she was seen 
at her home, June 2, 1927, she had an attack of pain which began in the 
chest, radiated to the left arm and produced a terrible feeling of clutching 
in her throat Heart grossly irregular (later heart was regular). No mur- 
murs, first sound of fair quahty B P systohc 200, May 31, 1927, 140, 
June 1, 1927, 115, June 2, 1927 Unne showed 1 5 per cent sugar Tem- 
perature 100 to 101°F by rectum Patient recovered and has been ambu- 
latory smce This was a very typical case 

Case 130 D W Female, 66 Diabetes 15 years, hypertension 2 
years, angina pectoris 1 year, repeated gall-stone cohc several years Two 
days before she was seen m her home February 11, 1926, patient stated she 
had an attack of chest pain which was entirely different from anything she 
had ever experienced It continued for l^- days and she vomited fre- 
quently Heart slightly enlarged, 1st sound of good quahty, slight systohc 
murmur at apex and base B P 200/100, in 1924, 178/92, February 11, 
1926, 200/100, May 10, 1926 Temperature 99 4°F Pulse 110. Patient 
recovered, when she was again ambulatory the systohc murmur was louder 
and the anginal attacks recurred In this case there was no great fall in 
the blood pressure 

Case 131. M. L Female, 39 For one year mild anginal attacks 
Twelve days before she was seen at her home, January 8, 1925, she had a 
severe attack of chest pam radiating down both arms Pain lasted ? 
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hour and disappeared After this she was up and about, and 5 da> s later a 
second attack occurred lasting 2 hours Two days later she had a third 
attack and with this there was marked pulmonary edema She vormted 
several times and gradually improved and ivas again allowed to be out of 
bed Tw o da> s ago began to have pain in the left leg and later in the right 
leg Both legs became cold and then discolored Heart regular No 
murmurs, marked gallop rhythm B P 96/55, January 3, 1925 Pulse 
varied from 140 to 100 There was dark dry gangrene and greenish dis- 
coloration of both legs up to the mid-thighs Patient died January 17, 
1925 This patient was the youngest woman in the entire series She 
obviously had an embolus involving both iliac artenes, which probably came 
from a left ventncular mural thrombus It was unwise to ever allow the 
patient to be out of bed after the first attack It is interestmg that there 
were three different spells of chest pain several days apart before the embolus 
occurred 

Case 132 Pig 11 P S C Male, 62 Eight weeks before he was seen 
in the office, November 2, 1921, as an ambulatory patient he had an attack 
of severe chest pain with collapse Heart regular, sounds very faint, 
cspeaally the first sound at the apex BP 135/85 EKG showed 
curves of very low amplitude and the characteristic dip in T 1 This 
patient recovered satisfactorily, remained well, but how he has done in 
recent years is unknown There is nothing unusual in this case 

Case 133 Pig 61 A R Male, 53 Patient was very strong and in 
good health until 3 hours before he was seen in his home, March 23, 1927, 
when he had a most agonizing pain in the chest radiating into both arms 
Two hours later he vomited Heart sounds extremely faint, gallop 
rhjthm was present BP 158/110, 3 hours after the attack, 120/92, March 
25, 1927, 96/76, March 28, 1927, 128/72, May 17, 1927 VV B C , 12,000 
to 14,000 (neutrophiles 77 per cent) Temperature 100° to 102°r for 4 
weeks Dunng the first few days the mouth temperature ranged between 
98° and 99°r while the rectal temperature varied from 100° to 102°r 
This patient ran a very desperate course, several times it was thought that 
he was going to die He had numerous complications He had transient 
auricular fibrillation, small embolus in the foot and a paroxysm of \ entneu- 
lar tachy cardia which was very well controlled by quinidinc sulphate The 
details of the treatment of this complication was discussed in the early 
portion of this paper E K. G show cd % anous clianges fairly typical of 
coronary thrombosis Patient finally rccoyercd and has since become 
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ambulatory In this case the early fever would have been missed entirely 
if the rectal temperature had not been taken The most important feature 
here was the hfe-saving value of qmmdme 

Case 134 Fig 74 S U Female, 55. Anginal attacks for 5 years 
7 days before admission to the hospital, December 29, 1926, had a very 
severe attack of constriction in the chest with nausea and vonuting Heart 
essentially negative except the apex impulse could not be made out B P 
250/120, December 29, 1926 While in the hospital she had another 
severe attack of chest pam, January 4, 1927. BP fell to 120/75 and withm 
5 days gradually rose to 225/120 She developed transient auricular 
fibrillation, showed leucocytosis, transient glycosuna, and shght fever 
E K G showed changes in the T wave at this time She finally recovered 
and became ambulatory. In this case the mam features of the attack were 
observed while the patient was in the hospital B P fell markedly but 
returned to the previous high level 

Case 135 Fig 63 W S Male, 69 Had rheumatic fever as a boy 
Mild angmal symptoms for 1 year Seven days before admission to the 
hospital, February 2, 1927, he had severe constriction of the chest, radiatmg 
to both arms, lasting several hours Pam kept recurring for a few days m 
a milder form until 3 days ago when he had a very bad attack Heart 
sounds distant, shght systohc murmur was heard, action grossly irregular 
E K G showed auricular fibrillation Liver was considerably enlarged 
B P 160/70, January 1922, 190/90, January 30, 1927, 130/70, February 
2, 1927 W B C 26,500 (neutrophiles 70 per cent) Temperature 99° to 
100°F. Patient gradually grew worse and died with evidence of conges- 
tive heart failure This patient was seen 5 years before this last illness and 
on clmical exammation was considered to have persistent auricular fibrilla- 
tion, although no E K G was taken at this time Autopsy showed almost 
complete occlusion of the left coronary artery, fresh infarction of the left 
ventricle, and a mural thrombus This case is mterestmg because he 
probably had persistent auricular fibrillation for years before he had coro- 
nary thrombosis, and in this sense was the smgle exception to the general 
rule that chrome fibriUators do not develop coronary thrombosis 

Case 136 Fig. 32 G H Male, 56 Angina for 2 years Fifteen 
hours before admission to the hospital, December 31, 1926 had a terrific 
pain m the epigastrium Several hours later severe pain in the right loin 
A few hours after this pain developed in the right leg Seven days before 
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this he had an uncomfortable constriction in his chest which continued for 
some hours for which he did not go to bed In the hospital he was in a 
state of shock, definite pencardial friction developed B P 200 sj stohc 
m 1919, 130/9S, December 31, 1926, 110/90, January 1, 1927, 98/78, 
January 7, 1927 W B C 14,900 Leucocytosis persisted for 1 w'eek 
Pulse 160 and later 100 to 120 Temperature 100° to 102°F E K G 
showed curves of low amplitude About this time developed paroxysmal 
ventricular tachycardia which was controlled by qumidme He developed 
gangrene of the right leg for which amputation was performed He sur- 
vived the operaUon but died a few days later, January 13, 1927 Autopsy 
showed thrombosis of the descendmg branch of the left coronary arterj’, 
left ventncular mural thrombus, infarct of the kidney and embolus in the 
right pophteal artery This case is interesting because of the embolic 
phenomenon for which amputation of the leg was performed, and because 
the ventricular tachycardia was ehmmated by quimdine 

Case 137 Pig 70 C T Female, 47 Diabetes 10 years Angina 8 
years Six days before admission to the hospital, January 16, 1927, she 
began having continuous pam in the chest, radiatmg to the left arm, and 
marked prostration Heart sounds very distant, almost inaudible B P 
130/60, December 14, 192S, 100/80, January 16, 1927, 110/70, February 7, 
1927 WBC 22,900 Leucocytosis persisted for 1 week Urme showed 
a good deal of sugar Temperature 100° to 101° for 17 days Pulse 100 to 
110 for 10 days Patient had shght acidosis with the diabetes for which 
insulin was given She had a good many pains and cramps in her legs 
DKG showed minor changes in the T waves, at one tune there was 2 1 
heart block She gradually improved, became ambulatory Seven months 
later, August 18, 1927 died at home This was a typical case developmg 
in a patient with long standmg diabetes 

Case 13S Fig 54 M N Female, 72 Dizziness for 1 year Shght 
edema of the legs for a few months Seven days before entering hospital 
May 3, 1921 , she had a w eak spell follow ed by pam in the chest Examina- 
tion showed a pencardial faction rub, heart soundswere famt, tliere was a 
moderately loud systolic murmur B P 200/100 in 1920, 160/85, May 3, 
1921, 140/80, May 7, 1921 WBC 14,600 Temperature 101°F , pulse 
110tol30 EKG show edtypicalhigh take-off mT2 and T 3 Attimcs 
2 1 heart block occurred Patient was apparently doing satisfactorily 
when on May 10, 1921 she went into sudden collapse and was dead in 2 
minutes Autopsy showed tlirombosis of descending branch of the left 



412 


SAMUEL A LEVINE AND CHARLES L BROWN 


coronary and rupture of the left ventricle This is a typical case in which 
rupture of the heart occurred 14 days after the onset 

Case 139. Fig. 59 J W R Male, 60 Had t 3 ^ical angina pectoris 
for 9 years Five days before admission to the hospital, June 1, 1927, he 
began to have continuous pam m the chest not reheved by nitroglycenne 
Pam lasted 12 hours and then disappeared Two days later pam returned 
and lasted for 48 hours Smce then there was no severe pam but some dis- 
comfort in the chest Heart showed a gallop rhythm and shght systohc 
murmur and distant sounds B.P. 138/96, June 1, 1927; 98/72, June 6, 
1927 W B C. 7,400. Temperature 100°F , June 1, 1927 Pulse 90 
There was at tunes partial heart block. ERG. showed typical high take- 
off of T 2 and T 3, the curves finally becoming shaiply mverted Patient 
was domg well when 6 weeks after the onset he suddenly grew worse and died 
July 7, 1927. It is mterestmg here that the W.B C was noimal at the onset 
despite shght fever 

Case 140 Fig 4 R M B Male, 52. Had angma for 2 months 
Twenty-four hours before entermg the hospital May 3, 1927, chest pam 
began and persisted With this there was a moderate state of shock Heart 
showed no murmurs Sounds were fair m quahty B P. 125/80, May 3, 
1927, 95/50, May 15, 1927 WBC 24,000 (86 per cent neutrophiles) 
Leucocytosis persisted for 72 hours Temperature 100°F for 7 days Pulse 
100 to 120 Blood Wassermann strongly positive ERG showed a sus- 
piciously mverted T 1 which became uprighL Patient was cntically sick 
for several days, gradually improved without anti-luetic treatment and 
made a very satisfactory recovery This is one of the few cases of coronary 
thrombosis that had a positive Wassermann yet a satisfactory recovery 
occurred without anti-luetic treatment 

Case 141. Fig 32 Male, 55 Had h)q)ertension for 2 years. Three 
days before entermg hospital, Apnl 30, 1927, while dancing he was taken 
with abdommal pam and gas Four hours later he had constnction m the 
chest and dyspnea The chest discomfort was severe and persistent Heart 
sounds were distant, there was a definite gallop rhythm B P 180/120, m 
1923, 206/130, in July, 1926, 178/130, 20 hours after the attack Tempera- 
ture 100°F by rectum Patient gradually grew worse. Several times the 
heart was found to be rapid at a rate of 170 This was due to ventricular 
tachycardia, the rapidity was readily controlled by qumidme EKG 
showed typical high take-off m T 1 and T 2. Marked dyspnea and cyanosis 
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developed for which he was placed in an oxygen tent This helped the 
cvanosis and breathing He grew worse, hoii ever, and become semi-con- 
scious On hlay 2, 1927, he developed paralysis of the left arm, probabl> 
as a result of cerebral embolus He gradually failed and died on May 7, 
1927 Autopsy shoued typical findings There was left coronary' occlu- 
sion, left ventricular mural thrombus, ruptured heart and hemopencardium 
This case was tvpical in all respects 

Case 14Z Tig 60 L R Female, 62 Angina for 4 years Ten 
days before entenng hospital May 23, 1927, contmuous pain developed in 
the chest and marked weakness Heart shoned a slight systolic murmur 
and first sound was of good quahty B P 140/90, May 23, 1927, 100/70, 
May 29, 1927 WBC 11,000 Temperature 100°F Pulse 90 ERG 
show ed typical sharp inv ersion in T 2 and T 3 The contmuous pain let 
up but attacks of angma returned This was greatly helped bv euphyllin 
Patient gradually unproved and has returned to work as a house-maid 
There was nothmg unusual m this case 

Case 143 Fig 18 E R Female, 58 Angina for 1 y ear Entered 
hospital February 19, 1927 complaining of some indigestion as well as chest 
pain on effort It w as decided to get x-ray s of the gall-bladder, and during 
the intravenous admimstration of the iodine dye March 16, 1927, she was 
taken with severe and persistent chest pam unlike any thmg she had ever 
had The follow mg day she had a W B C of 12,600 Temperature rose 
and remained between 100° to 101° for 7 days Heart rate became ele- 
vated to 100 to 1 10 for several days Heart which previously ivas essentially 
negative then showed a gallop rhythm BP 290/120, 1925, 220/130, 
February 19, 1927, 160/100, March 18, 1927 E K,G showed defimte 
changes in the T waves of all leads after the attack as compared to those 
before the attack Patient gradually improv cd and remamed free of anginal 
attacks, although prevaously the attacks were commg while the patient was 
in bed She has since returned to her work as a school teacher The 
interesting feature here is the development of coronary thrombosis as the 
result of intravenous cholecy stographv (We have since seen two other 
instances of this comphcation ) 

Case 144 Fig 79 A C W Female, 65 Increasing dyspnea for 6 
years Nine days before entry to the hospital, July 3, 1927, she suddenK 
lost tlie power of the right arm Two days later this was much better 
Six days ago pain in the right leg followed by numbness and inability to 
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move it The day before admission severe pain m right lower chest 
Heart negative except for gallop rhythm B P 145/80. W B C 14,600. 
Temperature 100°F E K G showed a prominent Q 3 and a rounded T 3 
Patient gradually grew worse and died July 7, 1927 Autopsy showed in- 
farct of the left ventricle with a mural thrombus There was embolism 
and thrombosis in the right femoral artery The clmical diagnosis was 
made in this case despite the absence of chest pain because of the suspicious 
electrocardiograms and the gallop rhythm. 

Case 145 Fig 56 B H 0 Male, 40 Was previously in excellent 
health Eight hours before admission to the hospital on the surgical serv- 
ice, June 8, 1921, had severe cramp-hke pain in the epigastrium Five 
hours later this became terrific so that he received ^ grain morphia subcu- 
taneously, vomited once When first seen he presented a picture of acute 
surgical abdomen with marked tenderness and board-like rigidity in the 
upper abdomen Even after the morphme he was still suffenng from severe 
pam in the pit of the stomach Complete physical examination was other- 
wise negative except that associated with the second heard sound there was 
a doubtful faint scratchmg murmur On havmg the patient sit up and bend 
forward this scratching sound was more distmct B P 130/70 W B C 
15,400 Temperature at that time was normal The patient was a physi- 
cian and thought he had ruptured gastnc ulcer The surgeon who saw him 
was not satisfied with the diagnosis, although many features pointed to 
acute surgical emergency E K G ’s at that time were considered normal, 
but now one can detect that the T wave m Lead I arose from a high level 
It was decided to delay operation The next mornmg a well marked to- 
and-fro pencardial friction was heard The pain rose to the chest on this 
day and then gradually disappeared, patient made a very satisfactory 
recovery. He has remamed m good health for the past 6| years This 
case IS a striking example which illustrates the importance of keepmg in 
mind coronary thrombosis as a possible explanation of s3nnptoms and find- 
mgs that might otherwise point to upper abdominal surgical emergency 
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I IMRODUCriON 

The object of this review is to ctaimne the claims for the thera- 
peutic use of radiation in medicine The term “radiation” is limited 
to that emitted by the sun, the mercury vapour quartz lamp, the car- 
bon arc and other so called generators of “ultra-violet” radiation in 
use at the present day Tlie subject of x-ray therapy has recently 
been covered in an exhaustive review, bj Warren (1) and is not in- 
cluded in this studj The subject of diathermy is also omitted 

To review the literature on the subject of radiation therapy is no 
easy task The reviewer is faced with a large literature concerning 
the use of radiation in the treatment of almost cver> known disease, 
and a literature so prolific at the present time that to keep pace with 
It IS an almost impossible task 

Ihe discoverj of the value of ultra-viokt radiation in the cure of 
certain diseases has, in the past few tears, let in a flood of popular 
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enthusiasm This enthusiasm runs ahead of scientific knowledge, 
and threatens to destroy the value of the treatment by indiscrimi- 
nate use 

At the present time, the value of radiation treatment is discredited 
by some, and over-emphasized by others There is, however, another 
and more thoughtful group, who reahse that our limitations are set 
by lack of scientific knowledge, who refuse to be carried away by 
undue enthusiasm, or depressed by apparent failure, and who reahse 
that the claims made must be accepted or rejected only on the basis of 
exact scientific research 

It is encouraging that workers in this field are alive today to the 
necessity for more research into the fundamental aspects of the effects 
of radiation on the orgamsm The discoveries of recent years have 
done something to pierce the gloom of mystery; it is to be expected 
that those of the years to come will do much to raise the whole sub- 
ject from the realm of magic to that of fact 

n HISTORICAL SKETCH 

One of the earliest papers on the subject of the biological effect of 
solar radiations is that of an Englishman, Home in 1820 ( 2 ) 

Home’s work is of great interest, since he proved by experiment a 
differentiation between the “light” and “heat” rays of sunlight He 
relates in this paper how he was interested to ascertain the function 
of pigment in the skin of the negro He evidently felt it likely to 
prove a protective mechanism against the sun’s rays When he 
found, however, that black surfaces absorbed heat, and raised the 
temperature several degrees he “gave the matter up in despair ” 
Two years later he saw “a silver fish” that appeared to have received 
a sunburn through water, and on a travel to the West Indies he re- 
ceived a sunburn himself “through a pair of thin linen trowsers ” 

These two observations made him think that sunburn was due “to 
a rmxture of light and heat,” and he investigated this in a series of 
simple experiments In one of these he exposed the backs of both his 
hands to sunlight, one covered with a black doth and the other left 
uncovered He tested the temperature of the skin of both hands at 
intervals of ten imnutes and observed two things that the higher 
skin temperature was recorded on the covered hand, but that this 
hand did not become sunburned whilst the other did He conduded 
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it the power of the sun to scorch the skin “is destroyed when applied 
a black surface, although the absolute heat, in consequence of the 
sorption of the rays is greater ” 

This work of Home’s apparently provoked little comment at the 
ae It was introduced into the Danish and German literature by 
isch, who m 1926 (3) made graceful allusion to it m an address to 
■itish Dermatologists Finsen made the same discovery, and, ac- 
rdmg to Rasch, was at the time unacquamtcd with Home’s work 
In 1823 Colhoun (4) of Philadelphia published a short paper giving 
me results of experiments on the sensibility of the face to light 
In 1829 Davy (S) confirmed, in the main, the experiments of Home 
avy’s experiments are of interest for he took a step towards finding 
[t the role of ultra-violet radiation m the production of pigmentation 
e found, at any rate, that erythema and pigmentation were not 
used by radiations in the xnsible spectrum He was probably one 
the earliest to experiment with isolated radiations He says 

My experiments relative to the cause of the change of colour produced 
the skin by the sun’s rays tend to prove that the cffcc t 

produced solely by the uncompounded rays I have exposed, for more 
an two hours, and that repeatedly, the delicate skin of the under part of 
le forearm to the solar spectrum, and I have concentrated tlie different 
iloured rays of the spectrum bv means of a lens on the skm, but without 
:casionmg either erythema or discolouration 

In 1859 Charcot (6) expressed the opinion that the “chemical” rays 
lused erythema solare, and that a similar crj thema could be caused 
y exposure to artificial sources of light 

In 1877 Downes and Blunt (7) produced the first definite evidence 
lat ultra-violet radiation excited a lethal action upon bacteria 
ee also Arloing (8), D’Arsonval and Charnn (9) 

In 1890 Palm (10) in a classical paper correlated, from a geographi- 
al survey, the incidence of rickets with a lack of sunlight 

a GENERAL CRITICISMS OF PAPERS DEALING WITH THE CLINICAL 
USE OF RADIATION TICERAPY 

Certain general criticisms can be made after an exhaustive survey 
f papers dealing watli the use of radiation therapy in the treatment 
if disease 
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1 Treated cases are usually uncontrolled by unit eated cases, and for 
this reason the value of the reported results is vitiated This is 
especially true in certain diseases with a tendency to spontaneous 
recovery, and many such have been treated by radiation 

It may of course be argued that if a remedy is hnown to be specific 
or if the results obtained with it would warrant it to be the treatment 
of choice, one is not justified, on ethical grounds, in mthholdmg it 
Against this, it may be stated, that in probably only one disease, 
namely rickets, is radiation known to have a specific action, and that in 
very few diseases, possibly only in lupus vulgaris and bone and glandu- 
lar tuberculosis, are the chnical results good enough to warrant radia- 
tion as the treatment of choice With these possible exceptions, it 
would appear that the withholding of treatment from groups of con- 
trol cases, would not, in this stage of uncertain knowledge, be fraught 
with bad results for the patients If clinical studies are to be of 
scientific value therefore, they must be adequately controlled 

The value of a well-controUed, statistically analysed, clinical study 
of the value of radiation therapy such as that of Mackay (11) cannot 
be overestimated In the clinical field many more such studies are 
needed Mackay’s results (to be discussed in more detail later) are 
iconoclastic, since her findings as to the value of the radiations used 
are negative They are, for this reason, the more valuable, and 
should, if given the consideration they deserve, do something to stem 
the tide of popular enthusiasm 

2 The use of radiation therapy, as a last lesort, in intractable cases 
One commonly finds, especially in studies of radiation in the treatment 
of skin diseases, that radiation therapy has apparently achieved a 
cure after the use of all other known remedies The criticism here 
IS that the cure may be “post hoc sed non propter hoc,” since it is 
impossible to assess the value of any one of a number of forms of treat- 
ment used in the treatment of the same case 

3 Lack of information or unreliable information with regard to the 
source of light used. The writer has been surpnsed, on reading papers 
by several authors on the subject of the climcal value of radiation, to 
find that the source of light used is not even mentioned, although the 
cases treated by it are described in detail In other papers it may be 
given a casual mention, but with no information as to voltage, amper- 
age, or, if a carbon arc lamp is used, a description of the carbons 
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In certain cases, ivhere the source of light is mentioned, unreliable 
information may be given as to the radiations it emits Claims, for 
example, have recently been made for the value of light from an ordi- 
nary electric bulb in the treatment of certain conditions, on the asser- 
tion that the analysis of sunlight and of light from an ordinary electric 
bulb are practically identical This statement is untrue (since the 
ordinary electric light emits practically no idtra-violet radiation) 
and therefore misleading 

4 The tendency to attribute all observed results to radiations in the 
ultra-violet Radiations from almost any kind of therapeutic lamp 
include a range of rays extending from the ultra-violet, through the 
visible, to the far infra-red regions of the spectrum Ultra-violet 
radiations have certain rv ell-known biological effects, about which 
more is known than is known about the action of other rays There 
IS, apparently for this reason, a tendency to disregard the possible 
effects of visible and infra-red radiation, and to attribute all effects 
to radiations m the ultra-violet It is, at any rate illogical, to attribute 
the whole effect to a few radiations when many are being used It is 
possible that one of the future developments in radiation therapy will 
be the use of selected and isolated radiations We know, for example 
that the radiations effective in the treatment of nckets are limited 
to a very narrow band in the ultra-violet Also the writer’ has shown 
that this band of radiation is more effective alone, than when given in 
conjunction with an isolated band of radiation m the near infra-red 

5 Empiricism in the measurement of dosage The usual method of 
measuring dosage is time of exposure, and distance from the source 
of light The erythema dose for the individual patient is usually taken 
as the unit of dosage, and this is only a rough index of the tolerance of 
the individual to radiations m the ultra-violet It is furthermore, as 
we have shown in the section on skin diseases, an extremely xariable 
factor 

These are certain chemical metliods of measuring ultra-violet inten- 
sity in therapeutic units— the zinc sulphide method (Clark (12)) and 
the acetone methylene blue method (Webster, Hill and Eidenow (13)) 
These should be more widely used in clinical work, for they give an 
indication of the intensity of the source of light in the ultra-violet, 

’ Luce Claii<tcn— m the press. 
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and make it a simple matter to detect deterioration in the output 
of the lamp 

With increased knowledge of the biological effects of radiation it 
may prove necessary to make measurements more exact than this 
rough, empirical determmation of the reaction of the skin of the pa- 
tient to radiations in the ultra-violet region of the spectrum, measure- 
ments that would define limits of wave-length, the spectral distribu- 
tion of the rays, and the total energy value of the radiations received 
Fmsen (82, 84) made the following statement with regard to ac- 
tinic rays- “I believe implicitly that m the future, use will be made of 
this new therapeutic agent, and the proof experiment once made, it 
wiU be easy to carry it out practically under the form of light baths; 
and lastly to determine whether they are to be blue or violet, the varia- 
tions m their strength and duration, and whether natural or artificial ” 
His prophecy with regard to the use of light baths has been fulfilled 
We have yet to see the last statement, which prophesies the use of 
filtered and measured radiation, fulfilled also 

IV RICKETS 

Clark (14) refers to the work on rickets as “the first definite experi- 
mental evidence of metabohc change in the animal body brought 
about by sunlight ” The evidence she refers to is that of Huld- 
chinsky (15), Hess and Unger (16), Hess and Gutman (18), Shipley, 
Park and Powers, McCollum and Simmonds (99, 76) 

Smce this review of Clark’s was pubhshed, an exhaustive review on 
the Etiology of Rickets was brought out by Park in 1923 (20) This 
review covers all the early literature on the subject of the influence 
of radiant energy in the prevention and cure of rickets published at 
the time the review was written 

Laurens (22) in a more recent review on the physiological effects of 
radiation has covered a great deal of the work on the effects of radia- 
tion in rickets, and the experimental work on irradiated foods The 
reader is also referred to the section on rickets in a report by the 
British Medical Research Council (145) 

It is entirely unnecessary to go over ground that has been so well 
covered by these authors, and the reader is referred to them (14, 20, 
22, 145) for an exhaustive bibliography, a critical survey of the litera- 
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ture quoted, and many ideas, which in view of recent developments, 
would appear to have been prophetic 
It IS the purpose of this review to show how the story of the rela- 
tionship of light to nckets has developed, especially along experimental 
lines, in the past few years, and has led to the isolation of a substance 
capable of photo-chemical reaction which we have reason to believe 
IS specific m the prevention and cure of the disease In reviewing the 
subject, the author has confined herself to the work of pioneers in the 
field, and has not attempted a complete bibliography, in order to 
quote work which will tell the complete story in its main facts, and to 
avoid side issues 

Chmcal 

The early dinical and experimental observations on the subject are 
described by Park (20, pp 125-126), beginning with the classical paper 
of Palm (10) in 1890 

Huldchinsky (15) in 1919 reported the first accurate information on 
the cure of nckets by treatment with tlie mercury vapour quartz lamp 
He demonstrated radiographic evidence of the deposition of lune salts 
in bone under the action of the radiations used, and to him belongs 
credit for a great clinical discovery, which was later developed along 
experimental lines 

Hess and Unger (17) claim to be the first to attempt to cure nckets 
with ultra-violet radiation, but their first attempt (19) failed, they 
quote the cases of 5 children with rickets treated with radiations from 
a mercury vapour quartz lamp, twenty minutes daily to the entire 
body over a penod of three months till their bodies became tanned, 
they say, “this therapy did not lead to a definite improve- 

ment in the rickets, nor did it benefit their general condition Violet 
ray treatment cannot be considered the equivalent of heliotherapy, 
but the fact that tickets is exceptional in the arctic region, where there 
is lack of sunlight for the greater part of the year, is a strong argument 
against its predominant influence ” In later papers these authors 
attribute their failure to the lack of x-ray evidence on these five cases 
This explanation is not completely satisfactory, for it was evident, 
by the fact of tanning, that these duldren received ultra-violet radia- 
tion, in the light of present day knowledge one would have expected 
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curative changes to be apparent even to the naked eye It should be 
borne in mind, however, that at the time this paper was published, the 
prevailing idea, m the minds of these investigators, was to regard 
rickets as a disease due to a food deficiency Also early changes in 
bone indicative of cure were not generally recognized In 1921 Hess 
(21) in an address before the Harvey Society still regarded rickets as 
primarily a dietetic disorder, but lack of sunlight as an important 
contributory influence 

In later papers Hess and Unger (23, 16, 17) report successful clinical 
results in the cure of rickets in infants by the use of a mercury vapour 
quartz lamp, and by exposures to sunlight This work was controlled 
by x-ray examination of bone They noted (16), in one case, calcifica- 
tion taking place during treatment m both wrists, when only one had 
been exposed, and saw in this “evidence that the action of the rays 
IS systemic and not local ” This was an important observation and 
has smce been abundantly confirmed It was followed by a series of 
clmical papers on the value of radiation therapy by Hess and his co- 
workers (24, 25, 26, 27, 28) They correlated the seasonal incidence 
of rickets, with the seasonal variation m the intensity of ultra-violet 
in the solar spectrum (29, 30). 

Expel imenlal 

The recent pioneers in the experimental field are Hume and Snuth, 
Rosenheim and Webster, Hess and his co-workers, Steenbock and 
Black, and Bills 

Special consideration must be given to the early experimental work 
of Hume and Snuth These workers investigated the effect of light on 
rats suffering from a deficiency of vitarmn A, and their results proved 
to be of fundamental importance For though the interpretation of 
the experiments given by these authors was not correct, the ex- 
periments themselves were so admirably carried out that they formed 
the starting-point of important Imes of investigation for other workers 
One sees from the work of these authors the value of the careful ex- 
periment, and the accurate observation, at a time when a correct 
interpretation may not be forthcoming 

In discussing the work of Hume and Smith one must bear in mind 
that at the time the experiments were carried out, the bias of opinion 
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amongst British investigators was in favor of the identity of an anti- 
rachitic factor with the so-called fat-soluble A Vitamin, present m 
cod liver oil and known to be specific for rickets Hume and Smith 
conducted their experiments shortly after their return from Vienna, 
nhere they nere co-workers with Chick, MacKay and Dalyell, in an 
investigation (under the joint auspices of the BritishMedical Research 
Council and the Lister Institute), into the cause of rickets at Pirquet’s 
clinic The results of this investigation were published by the Medical 
Research Council in one of their Speaal Reports (31) These workers 
had been impressed with the value of radiation therapy in the treat- 
ment of rickets in infants, but had not accepted the experimental 
evidence of McCollum (32) as to the existence of an anti-rachitic 
vitamin as distinct from vitamin A It was perfectly logical there- 
fore that they should expect to obtain results by the irradiation of 
animals fed on a diet deficient, as they thought, in vitamin A only 
Their first experiment (33) showed that the radiated animals “de- 
veloped the typical symptoms of vitamin A deficiency m ith greater 
seventy and greater rapidity than did the control animals,” at the 
same time they found that radiation produced a most striking effect 
in promoting growth Their explanation of this was an interactioh 
betw een light and vitamin A for the growth of rats, without any syn- 
thesis of the vitamin, since xerophthalmia was not delayed in its 
appearance They regarded light as either an economizer of vitamin 
A, or a liberator of a stored reserve Still confident that “vitamin A” 
was the food factor concerned in the cure of rickets, they conclude 
by saying “The existing experimental evidence does not tlierefore 
exclude the possibility that the interplay (i e , heUvecn growth and 
Itghr) in growth and rickets is the same, and the very existence of an 
interplay in both cases heightens tlie possibility that the two vitamin 
factors may be identical or nearly allied " 

This experiment formed the mam startmgpoint of the work of Steen- 
bock and Nelson (38) These workers were impressed with the care- 
ful expenmcntal tcclimque of Hume and Smith and the growth re- 
sponse of their rats to radiation, but dissatisfied w ith tlieir explanation, 
which presented “the paradoxical posiUon that light hbentes vitamin 


* The italics arc mine 
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A for growth, but not for the prevention of the ophthalmias ” Steen- 
bock and Nelson, in this classical paper, showed by a series of careful 
experiments, that the growth response noted by Hume could be pro- 
duced m animals fed on a diet deficient in vitamin A in two ways; 
by irradiation of the animals, and by the admimstration of cod liver 
oil in which the vitamin A had been destroyed by aeration according 
to the method of McCollum (32) This recognition by Steenbock 
and Nelson of the existence of an anti-rachitic vitamin as distinct from 
vitamin A, led to the correct interpretation, i e , that two vitamins 
were present, one vitamin A stored to some extent in the animal body, 
and the other the anti-rachitic vitamin supphed by light It led 
furthermore to a revision of the experimental technique with the use 
of various “vitamin A” deficient diets, for it showed that these diets 
were defiaent in the two vitamins, and that in experiments demanding 
a deficiency of vitamin A only, the anti-racliitic vitamin must be 
supplied 

The work of Hume and Smith (34) was then continued on the basis 
of some work of Kestner’s, and they tried to find out whether irra- 
diated air had any effect on rats suffering from a deficiency of vitaimn 
A Their rats were kept in glass jars and bedded on sawdust They 
exposed these j'ars containing the sawdust to radiations from a mercury 
vapor quartz lamp, and found that rats kept m these j'ars showed the 
same response of increased growth that they showed when radiated 
directly They were at first inclined to attribute this result to an 
effect of “ionized air,” but in a later paper (35) were ahve to the fact 
that they had failed to exclude the possible effect of irradiation of the 
sawdust used for beddmg, for on repeating the experiments and irra- 
diating empty j'ars, the results were negative In a later paper (36) 
they found it was necessary for the rats to eat the irradiated sawdust 
for the effect on growth to be produced They did not discover the 
mode of action of the sawdust This was left to Rosenheim and W ebs- 
ter (37) who extracted from sawdust a yellowish resin, which proved, 
after irradiation, to be completely protective for rats fed on a standard 
rickets-producing diet If the facts of these experiments had been 
correctly interpreted, it would have been apparent that vitamin D 
had been produced in vivo by irradiation of the animal, and in vitro 
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by irradiation of the sawdust, also that it was effective in the animal 
by way of the skin, and also by way of the alunentary tract 

Steenbock and Nelson following the work already mentioned (38) 
postulated their theory that hght was without effect on vitamin A, 
that the diets deficient m vitamm A m use at this time were also de- 
ficient in the anti-rachitic vitamin, and that when the latter was sup- 
plied by hght to rats fed on the diet, a growth response resulted, which 
continued until the animal’s reserves of vitanun A were exhausted 
In other words, they recogmzed the existence of taio growth-limiting 
factors in the diets defiaent in “vitamin A,” a lack of vitamin A and a 
lack of the anti-rachitic factor In a later paper, Steenbock et al 
(39) found that cod liver oil m which vitamm A had been destroyed by 
aeration would restore the blood phosphate and calcium to normal, 
and increase the ash in bone in chickens and dogs Their next step was 
to venfy the work of Goldblatt and Soames, who found that liver 
taken from irradiated rats possessed growth-promoting properties not 
possessed by livers from non-irradiatcd rats They found that muscle, 
irradiated after removal from the body acquired growth-promoting 
properties 

Proceeding on their assumption that failure to grow in animals 
depnved of “vitamm A” was due in part to the lack of the anti-rachi- 
tic factor they radtakd Ihetr basal diet before feeding it One should 
emphasize here that the important discovery that followed was the 
logical outcome of the n ork that went before They found that irra- 
diation rendered the diet growth-promoting for animats fed on a diet 
defiaent in vitamin A and the anti-rachitic factor, and also that the 
ash content in the bones of tlie rats receiving it was increased over 
that of the rats receiving the non-irradiated ration The final step 
in proof of their theory that light supplied the anti-rachitic factor 
only was taken when Steenbock and Nelson (40) proved indisputably 
that hIcCollum’s 3143 rickets-producing diet could be made, after 
irradiation, protective 

Coinadently mth Steenbock and Nelson (41) Hess (42) read a short 
preliminary report, before the American Pediatric Society in Pitts- 
field, Mass , of experiments in which he claimed to have activated 
cottonseed oil and linseed oil by exposure to radiations from a mercury 
vapour quartz lamp, so as to make both these inert oils anti-rachitic 
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A full report of this work was published shortly afterwards in a series 
of papers by Hess and Weinstock (43, 44, 45, 46) in which they showed 
that cottonseed oil and linseed oil were made specifically active by 
irradiation, and thereby demonstrated the production of an anti- 
rachitic factor “in vitro and outside the living organksm ” At the 
same time they found that certain green food substances, green wheat 
shoots, and lettuce leaves could be rendered active by irradiation 
This important discovery, made simultaneously and independently 
by Steenbock and Nelson, and by Hess and Weinstock, of the possi- 
bility of rendering inert substances anti-rachitic by irradiation, made 
it clear that in the cure of rickets by light, a photochemical process was 
involved The problem to be solved next was to isolate the chenucal 
substance activated in food, in green vegetables, and m the animal 
body, under the action of radiation 
In 1923, Steenbock, Jones and Hart (47) found that the ethter ex- 
tract of sapomfied cod liver oil was as efficacious m preventing rickets 
as the untreated oil, and proved that the anti-rachitic vitamin was 
therefore present in the unsapomfiable fraction 
In 1924, Hess and Helman (48) found it possible to activate, by 
means of irradiation, the unsapomfiable fractions of cottonseed oil 
and hnseed oil 

The experiments which led to the discovery of ergosterol 

The work which led to the discovery of ergosterol, which we beheve 
to be, in all probability, the precursor of vitamin D, was carried out, 
simultaneously and independently, by Rosenheim and Webster in 
England, and by Hess and his co-workers in America The work of 
these authors forms an extremely interesting and most important 
chapter in the history of the etiology of rickets, and is of added scien- 
tific value because by slightly different paths the two groups of in- 
vestigators reached the same goal 

In 1925, Rosenheim and Webster (49) started to investigate the 
chemistry of the anti-rachitic vitamin or vitamin D By this time 
the work of Steenbock and Black, and of Hess and Weinstock on 
irradiated foods had appeared, and Rosenheim and Webster sought for 
substance that might be present in the “fatty secretions of man, 
animals, and in vegetable oils ” The work of Ritter and Schlutz who 
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found that pure cholesterol could be changed by exposure to light 
with a resulting drop m melting point of some 30°C , and a change m 
color, led them to thirik of cholesterol as a substance sensitive to 
photochemical change They were also led to suppose, by some un- 
published experiments of their own that a fat-soluble vitamin might 
be associated with cholesterol It was also obvious that cholesterol 
was present in the fatty secretions of man and of animals, and phyto- 
sterol in vegetable oils, so that they started to investigate these sub- 
stances on the assumption that light hadaphotochetmeal effect which 
resulted m the production of “an anti-rachitic vitaimn ” They found, 
first of all, (m confirmation of the work of Schlutz) that exposure of 
"pure” cholesterol (from brain) to the mercury vapor quartz lamp 
for 5 hours at 5 cm caused a drop in melting point of 23°C Sitosterol 

from wheat, similarly exposed showed a drop of 16°C Coprosterol, 
from dog’s feces, a drop of 41°C They then proceeded to irradiate 
cholesterol, in an atmosphere of mtrogen, and to test its biological 
activity on rats fed on a standard nekets-produemg diet, using the 
x-ray evidence and results of blood analysis for P as their criteria 
They found in their first experunents (49) that a daily dose of 0 2 
mgm was ineffective, but that 4 mgm was completely protective 
They then (SO) used an exceptionally pure specimen of cholesterol 
prepared from ox brain (melting point, 149°C ) This had been puri- 
fied by some twenty recrystallizations, and after a series of experiments 
on the best method of activating it, they adopted a period of 1 hour’s 
irradiation in an atmosphere of nitrogen They found that they could, 
in this way, obtain a substance which was active in doses of 4 to 5 
mgm They ih^nfriicHonaled the cholesterol, with the idea of remov- 
ing tlie unchanged fraction and concentrating the active fraction By 
cr> stallization with alcohol and light petroleum, they obtained three 
successive fractions from 1 gram of the original irradiated matenal 
Results of feeding experunents showed that the first fraction, i e , 
tlie crystals obtained by recrystallizing from alcohol of the cholesterol, 
irradiated in N for 40 hours, was inactive, but could be reactivated by 
subsequent exposure to the lamp The other two fractions from the 
mother liquor gave only partial protection 
With a view to the removal of sterols, precipitation with alcoholic 
solution of digitonin was the next step They took 1 gram of irradi- 
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ated cholesterol (irradiated in an atmosphere of N) and recrystallized 
it from 10 cc of absolute alcohol They precipitated the residue re- 
covered from the mother liquor (0 2120 gram) with excess of alcohohc 
digitonin solution, and recovered 99 9 per cent of the cholesterol as 
digitonide Results of feeding experiments showed that the fraction 
not precipitated by digitomn gave a partial protective result with rats 
in doses of 0 01 mgm whilst the material before fractionation was 
completely protective in doses of 5 mgm The investigators at this 
stage were under the impression that they had isolated an active frac- 
tion from cholesterol which they apparently did not regard as arismg 
from an impurity The activity of this active fraction, however, 
represents less than half of the activity of the original substance 
They were led to regard it as an impurity in later papers (51, 52) 
when they found that by converting “purp cholesterol’' into the di- 
bromide and reducing the latter with sodium amalgam to cholesterol, 
they produced a really pure cholesterol, which could not be activated 
by irradiation 

They had already (50) tried to activate ergosterol, prepared from 
ergot, as being a typical myco-sterol, highly unsaturated and unstable, 
this they found to be highly protective “even in doses of 1 mgm ,” 
but apparently did not, at this time, suspect that this substance might 
prove to be a “pro-vitamin ” Their digitonin experiments convinced 
them that it was impossible to convert more than 0 1 per cent of 
cholesterol into an active substance 

At this time, they continued their investigations partly in collabora- 
tion with Professor Windaus of Gottmgen Windaus had found that 
ergosterol, a highly unsaturated sterol, could not be recovered un- 
changed from its bromide Its origmal discoverer, Tanret (53, 54) 
had found it to be sensitive to light and to oxidation by air These 
facts led Rosenheim and Webster to think, that, as they had already 
found it highly active after irradiation, it might prove to be the pre- 
cursor of vitamin D Their results showed them to be correct in this 
assumption 

On the basis of the work of Heilbron, Kamm and Morton, who 
showed by spectrograms that the characteristic absorption band of 
“cholesterol” was at 280mA£, they compared the absorption spectrum 
of cholesterol with that of ergosterol They found an absorption 
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band in the spectrum of ergosterol at 280m;i some 1500 to 2000 tunes 
as strong as that of “cholesterol ” They argued from this that if 
the pro-vitamin -were ergosterol the amount present in assoaation 
•with ordinary cholesterol would be of the order of 0 05 per cent, or 
1 part m 2000 This substance -would, therefore, be active m cor- 
respondingly small doses Tests ■with rachitic rats confirmed this, 
for they obtained protective results -with astonishingly small doses 
0 0001 mgm tvas found to be the protective dose in their final tests, 
and these values have been abundantly confirmed by other 
investigators 

They conclude “These results seem to justify the conclusion that the 
naturally occurring parent substance of •vitamin D, if not ergosterol 
itself, IS a highly unsaturated sterol of smiilar constitution ” 

The experimental n'ork of Hess and his co-'workers on the chemistry 
of vitamin D began after the publications of the articles already re- 
ferred to (42, 43) on the activation of inert oils, green wheat and green 
lettuce by irradiation Hess, Wcinstock and Helman (48) also found 
the unsapomfiable fractions of linseed and cottonseed oils to contain 
the active factor after irradiation Following this, there appeared a 
series of eight papers dealing with the activation of phytosterol and 
cholesterol In the first of these, Hess, Wemstock and Helman (55) 
followed the lead of their work on irradiated cottonseed oil and iso- 
lated phytosterol from the unsapomfiable fraction of 1 liter of the oil 
They state that it could not be rendered absolutely pure One-fourth 
cubic centimeter of a 1 per cent solution of this, after irradiation, was 
found to be protective against rickets m rats while suntlar doses 
unirradiatcd were non-protectivc Their criteria for determimng the 
potency of the \anous substances tested was the same as tliat of 
Rosenheun and Webster, i c , x-ray evidence, and the determmation 
of the blood P in rats fed on a standard nckets-produang diet They 
did sunilar experiments witli cholesterol, prepared from brain tissue 
andpurified Thesubstancctheyuscdhadameltingpointof 147 S°C 
They found 0 25 cc of a 1 per cent of this protective after irradiation, 
while similar doses unirradiated were non-protective These authors 
were attracted by the possibility, which has attracted and baffled 
many other investigators, of finding a ible for cholesterol m bodily 
metabolism Since the part plajed by cliolcsterol, in spite of its 
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widespread occurrence in the body, is unknown, one can readily un- 
derstand then- enthusiasm over these first results For it appeared 
as though It might be possible to show that cholesterol played a defi- 
mte role in becoming activated under the influence of light, and reach- 
ing the bones by way of the blood stream In a later paper, Hess 
and Wem'stock (56) became interested in the fact that cholesterol 
was an unsaturated sterol with one double bond They reasoned 
that if the action of light took place at this bond, the irradiation of 
saturated sterols would give substances of negative value in the cure 
of rickets Experiments vath dihydrocholesterol, and dihydrophytos- 
terol were tried, and it was found that the theory held, these sub- 
stances could not be activated by irradiation They then found 
(57) that prolonged irradiation destroyed the activity of cholesterol 
This loss in activity was associated with the fact that the substance 
became opaque to certain wave-lengths in the ultra-violet to which, 
when active, it was transparent They found the opaque inactive 
material had developed a yellowish color, and a drop in melting point, 
as compared with the active substance The saturated sterols, dihy- 
drocholesterol, and dihydrophytosterol did not undergo any spectral 
change on irradiation The next step was an attempt by Hess, Wem- 
stock and Sherman (58) to concentrate the activated cholesterol, 
with the idea of making it more potent They took 10 grams of 
irradiated material and isolated 4 fractions by a series of successive 
recrystalhzations from 95 per cent alcohol They expected to find 
increased potency with increased recrystalhzations To their sur- 
prise, they found that the recrystalhzed fractions became less, rather 
than more potent, the last fraction being the least effective of all 
They also found that it was impossible to reactivate the last fraction 
by irradiation They concluded from this that, under irradiation, a 
substance different from cholesterol was formed, and that the process 
was not reversible They next prepared (59) a very pure cholesterol 
by saponification with alcoholic potash and ether extraction of the 
sterol This they recrystalhzed fifteen times They found it, when 
irradiated, biologically active in the usual doses, and convinced of its 
purity, concluded “the activation of cholesterol does not seem to be 
due to impurities, but to the action of the rays on the sterol itself ” 
In further support of their “double bond” theory, they found it pos- 
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sible to activate an "unsaturated ester” of diolesterol, namely, cho- 
lesterol acetate They next (60) -were induced by a recent paper of 
Beumer (who showed that activated cholesterol could be separated 
into digitomn-preapitablc and non-precipitable substances) to con- 
tinue experunents with cholesterol digitomde They had previously 
found (59) that irradiated cholesterol had a greater power to inhibit 
the hemolytic action of digitomn on red blood cells, than umrra- 
diated cholesterol They separated an active fraction (60) from 
cholesterol bj removal of the digitomde The active fraction repre- 
sented only 4 to 5 per cent of the original irradiated cholesterol Their 
discovery that the activation of cholesterol was due to the presence of 
an impurity followed the same discovery made by Rosenheim and 
Webster (51) Also in collaboration with Wmdaus, Hess found (61, 
62) that the active fraction could be destroyed or removed by bro- 
mination He also tested crgosterol, which, when irradiated, he found 
to be potent in doses of 0 003 mgm for the rat 
The work of these two groups of mvestigators has been described in 
some detail as showing the paths bj which the goal was reached 
These experiments suggest an interesting possibilit> with regard to 
the synthesis of vitamin D in the skin under the action of radiation 
These authors found that it was not possible, by fractional cry'stalh- 
zation, or by precipitation with digitomn, to effect a complete separa- 
tion between cholesterol and the “activable sterol ” After activation 
by ultra-violet radiation it was possible by these methods to separate 
an active anti-rachitic substance from tlie sterols It is therefore 
possible that ultra-violet radiation not only causes the formation of 
vitamin I) in the skin, but that the “pro-vitamin” will remain in the 
skin until activated, when it wdl become readily separable from the 
associated sterols and in this way made available for absorption via 
the blood stream or lymphatics 

Steenbock and Black (63) continuing the earlier work (41, 64, 
38, 40) on irradiated diets were convinced that they were dealing 
witli the formation of vitamin D under the acUon of light They 
therefore continued experiments on the irradiation of various fats and 
their constituents, using growtli, increased ash content of bone, and 
“line tests” in rats as their criteria of activity Tliey found that 
irradiated ohve oil, added to the basal diet, raised the ash content in 
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humeri of the rats from 48 4 per cent m controls receiving unirradiated, 
to 56 1 per cent in those receiving irradiated oil The technique of 
these investigators, in determining the ash content of bone in their 
rats, was superior to that of Rosenheim and Webster, and of Hess and 
Wemstock, who used the more subjective criterion of x-ray evidence 
Steenbock and Black then worked with the unsaponifiable fraction of 
olive oil They found it, after activation, to be very potent, and the 
same thing was found using the unsaponifiable fraction of cod liver oil 
They also found that excessive irradiation of olive oil and of cod liver 
od resulted in inactivation, and concluded that the activated com- 
pounds were labile, "in the presence of other constituents of these 
fats ” They found that old oils, with an acid reaction could not be 
activated, but do not regard this as due to an inhibition of the reaction 
by compounds formed on standing, nor to the presence of acid, be- 
cause a mixture of unsaponifiable constituents of fresh oil added to 
the old oil could be made active by irradiation, and also acidification 
of fresh fats did not hinder activation In this paper they also report 
experiments with irradiated cholesterol, which they found to be active, 
and this activity was iwt destroyed by prolonged irradiation either 
in crystal form or in ether solution In a later paper (65) Steenbock 
and Nelson investigated the sterols of cod liver oil On the basis of the 
work of Windaus (66) they decided to use digitonin as a method of re- 
moving cholesterol from the unsapomfiable fraction of cod liver od, and 
to test on rats the r,esidual material They found that cholesterol 
represented 50 4 per cent of the unsaponifiable fraction They tested 
both the unsaponifiable fraction of cod liver oil, and the same after 
the removal of sterols, on rats "Both preparations were found 
equally active The cholesterol was inactive ” They conclude 
here "that the cod hver od preparation was not deprived of its anti- 
rachitic potency, by the removal of its cholesterol through the usual 
methods of precipitation with digitomn ” They repeated this experi- 
ment, modifying the technique so that the unsaponifiable fraction to 
be treated with digitomn was first treated with alcohol to remove as 
much of the cholesterol as possible before the use of digitomn Re- 
sults of rat tests showed that the anti-rachitic factor was not destroyed 
or removed by removal of the cholesterol The cholesterol removed 
was inactive, but could be activated by irradiation 
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In this experiment these investigators were remarkably near the 
truth They had separated from cod liver oil its cholesterol, and 
found it inactive, while the "sterol-free” fraction of the unsaponifiable 
fractions retained most of the potency of the original fraction The 
cholesterol proved to be reactivatable by light, which showed that it 
still contained traces of the activatabable matenal, the majority of 
which was present m the “sterol-free” fraction 

Summary of the expcrtmenlal work on rickets which led to the dtscoocry of 

crgosterol 

The recent experimental work on rickets may be summed up bnefly 
as follows The first step was the production of vitamin D in vivo, by 
the irradiation of animals fed on diets defiaent in the two fat-soluble 
vitamins A and D This was followed by the production of vitamin D 
in vitro, through the irradiation of inert oils, green wheat, green let- 
tuce, and basal diets deficient in the fat-soluble vitamins A and D 
These observations indicated that in the cure of rickets a photochemi- 
cal process was involved, which could be demonstrated both inside 
and outside the animal body It was evident that some substance 
capable of photochemical change must be sought for, common to 
animal secretions, and the oils of plants It was then discovered 
that cholesterol common to animal, and phytosterol common to plant 
tissues could be rendered anti-rachitic by irradiation It was found 
impossible to concentrate the activity of irradiated cholesterol by 
means of successive recrystaUizations, or to convert more than 0 1 
per cent into an active substance The active fraction was not alto- 
gether removed or destroyed, by removal of the sterols from cholesterol 
w ith digitomn It w as how ever either removed or destroyed by treat- 
ment with bromine, since the cholesterol recovered from the di-bro- 
mide could not be activated by irradiation This made it apparent 
that tlie activated fraction of cholesterol, was not cholesterol itself, 
but minute traces of an assoaated impunty It was known that cr- 
gosterol, a mycO'Stcrol with tlirce double bonds was also destroyed 
b> bromine, and furtliermore known to be capable of photochemical 
change It proved after irradiation to he the most active aith -rachitic 
suhstance known, and it is thought that in all probability the curative 
effect of light on the skin is due to its action on a “pro-vitamm,” 
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which, if not ergosterol itself, is “a highly unsaturated sterol of similar 
constitution ” The last link in the chain of events, the isolation of 
ergosterol from human skin, has not yet been forged, though Hess 
(162) has shown that human skin can be made anti-rachitic by irradia- 
tion These findings on the chemistry of cholesterol reveal one fact 
that should be emphasized, namely that nvimite traces of a “pro-vita- 
min” substance are sufficient to produce their biological effect These 
may be present as impurities in chemical compounds that by all the 
criteiia of analytical chemistry would be legarded as “chemically 
pure,” and yet present in sufficient amounts not only to produce their 
full biological effect, but to make it possible for this effect to be 
attributed to the substance rather than to its impurity The diffi- 
culty of obtaining really pure cholesterol is obvious from this work 

The fo} motion of an anh-racJiihc substance from cholesterol by 

polyrnci tzatton 

The work of Bills (67, 68, 69, 70) is of interest since it presents a 
different approach to the subject of the chemistry of vitamin D 
Bills worked with cholesterol which he prepared from cod liver oil 
From a solution of this cholesterol in carbon tetrachloride, he isolated 
by means of the catalytic action of floridm, a polymer, which he calls 
“tri-cholesterol ” Tri-cholesterol pioved, when tested on rats, to be 
non-protective, and furthermore, Bills found it impossible to activate 
it by exposure to the mercury vapor quartz lamp On further treat- 
ment with floridm and carbon tetrachloride he obtained from tri- 
cholesterol a resinous “degradation product” which exhibited anti- 
rachitic activity He therefore appears to have produced an active 
substance from an inactive one by means other than hght What this 
substance is, is not understood It appears to be different from 
vitamin D and active irradiated “cholesterol ” 

Chmcal iise of radiated eigosterol 

Irradiated ergosterol used m the treatment of rickets in infants, 
has given good results, Hottmger (149), Beumer (150), Gyorgy (151) 
and Hess, Lewis and Rivkin (152) Hess et al regard irradiated 
ergosterol as a specific in the treatment of both rickets and tetany, 
and Hess states that “this drug has never failed in rickets, that even 
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m many cases in which cod liver oil had not brought about healing 
irradiated ergosterol initiated a rapid cure ” 

Toxic effecl of ooerdosagc 

One might predict that a drug, so extremely potent in small doses, 
would prove to be toxic to the organism if given in excess Recent 
experimental work from several sources shows this to be the case 
Dixon (137) produced urinary calculi in rats by means of daily doses 
of 17 mgm Hams and Moore (153, 154) and Harris and Stewart 
(155) showed that large overdoses of irradiated ergosterol were fol- 
lowed by the extensive deposition of calcium salts m various parts 
of the body These authors have shown that the toxic effect depends 
upon the concentration of the active substance admimstered, rather 
than upon the production of toxic by-products They were unable to 
produce toxic effects with over-irradiated, or umrradiated ergosterol 

Kreitmair and Moll (156) and Kreitmair and Hmtzelmann (157), 
working with various animals, have demonstrated deposits of calaum 
in heart muscle, kidneys, arteries and other organs, together with 
death of the anunal followang the administration of large doses of 
irradiated ergosterol 

These results indicate that a careful standardization of dosage of 
the drug is necessary before it can be regarded as a safe therapeutic 
agent The possibility of a cumulatixc effect of small doses should 
also be investigated 


V lUBERCDDOSlS 

Cluneal 

Mayer (71) in 1921 published a critical rexiew of the subject of 
sunlight and light from artifiaal sources m the treatment of tuberculo- 
sis, with an extensive bibliography Since this review was written, 
very little has been added to our knowledge of the subject from the 
clinical standpoint 

The foundation of Rolher’s Clinic in Leysin in 1903 gave great 
unpetus to the use of heliotherapy m the treatment of tuberculosis 
On reading tlie second edition of his book, recently published (72), 
one IS profoundly impressed with the clinical results obtained, es- 
pecially in bone tuberculosis, b> a treatment regime in which heho- 
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therapy is one of the factors employed The results given in this 
book are the fruit of 25 years’ experience, and they stand in the fore- 
most rank of the brilliant clinical achievements of our time Rolher 
says that the scientific aspects of the effects of heliotherapy are bound 
up in finding answers to three questions 

1 What rays bring about the cure? 

2 In what way do they act? 

3 What physiological process is mvolved in cure? 

We are bound to confess that none of these questions has been satis- 
factorily answered, and that the effect of radiation alone, on bone 
tuberculosis, is still a matter of conjecture RoUier, from his clinical 
observations, regards the effect as due, in the mam, to ultra-violet 
radiation He finds that pigmentation of the skin predisposes to 
cure, that ultra-violet radiation only will bring about pigmentation, 
and argues from this that the curative radiations are in the ultra- 
violet region These observations of Rollier’s could be explained more 
logically on the opposite theory As discussed elsewhere, Peacock 
(113) gives evidence that pigmentation of the skin is a protective 
mechanism against the action of ultra-violet radiation Therefore, it 
would seem more likely that Rollier’s best results have been obtained 
in cases where the skin of the patient is most effectively protected 
against radiations in the region of the ultra-violet Until more is 
known about selective radiation in the cure of tuberculosis of bone 
from the experimental standpoint, its specific action must continue 
to be a matter of speculation While heliotherapy undoubtedly plays 
a large part in the results reported at Leysin, we must recognize that 
it IS only a part, not the whole, of the regime It is at present impos- 
sible to evaluate the other factors, but we recognize thfeir existence 
These factors are exposure to air exceptionally dry and pure in quahty, 
freedom from fog, dust, winds and rain, combined with ideal conditions 
of feeding, prolonged periods of rest, orthopedic treatment, and wher- 
ever possible, pleasant occupational therapy These, in themselves, 
must play a large part in the excellent chmcal results obtained Rol- 
lier regards the formation of pigment as of great prognostic impor- 
tance, on the theory that pigment acts as a transformer which changes 
rays of short wave-length into rays of longer wave-length with deeper 
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penetration This view, as discussed elsewhere, has been refuted by 
Clarjc. (14) and questioned by many authors 
Mayer (71, 75) regards the r61e of pigment and its mode of forma- 
tion as still obscure also the specific powers possessed by pigment as 
unproven He questions Rolher’s theory that pigment transforms 
short rays to long rays of more penetrating power, and regards the 
relationship of pigmentation to prognosis as doubtful He emphasizes 
the need for more extended research on the penetrating power of 
different rays and their effect upon tissues He reports excellent 
results following the use of hehothcrapy with children in the treatment 
of bone, ;oint, skin, and peritoneal tuberculosis In laryngeal tubercu- 
losis the results are doubtful, but the best results were obtained by 
a combination of general with local treatment In intestinal tu- 
berculosis the results are doubtful, in some casej he obtained “good 
palliative results, with cessation of abdominal diarrhea,” but this 
was the exception rather than the rule In tuberculous ademtis 
he obtained better results with x-ray treatment than with heliotherapy 
With the use of artificial sources of light he finds the results m surgical 
cases on the whole disappomting He regards the mercury vapor 
quartz light as an occasional aid in pulmonary cases, but does not 
exaggerate its value With regard to the use of sunlight in pulmonary 
tuberculosis, he realizes that with its use there is the danger of hemop- 
tysis, but thinks It may be used with extreme care in well-nourished, 
stationary, afebrile cases, but that even in these “bnlhant results 
cannot be promised ” He states in conclusion “Most of the favorable 
chmeal reports of light radiation still rest on empirical evidence 
Scientific work has not yet offered us any very helpful therapeutic 
results ” 

LoGrasso and Balderry (74) report favorable results with the use 
of heliotherapy m tlie treatment of pulmonary tuberculosis They 
regard the conflicting opinions as to its value in pulmonary cases as 
being due to haphazard methods in its use They report results of 49 
cases of moderately advanced pulmonary tuberculosis, treated wath 
heliotherapy They state that the prognosis m these cases, if the> 
had been treated w ith the rest cute only, w ould have been unfavorable 
The treatment consisted in a gradual exposure of tlie i.hole bod> to 
sunlight, reaching a maximum of three hours a da> for eacli patient 
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In the height of summer the patients were exposed only in the early 
mornmg and late afterpoon The final result on these 49 cases, treated 
from May to October showed 77 per cent improved, 6 per cent worse, 
16 per cent unchanged These writers conclude that hehotherapy, 
carefully administered is of the greatest value m the treatment of 
pulmonary cases, one of its most marked effects bemg an improvement 
in general physical condition 

Gauvain (165} gives a summary of his ideas with regard to general 
light treatment of surgical tuberculosis This paper is a discussion 
of “why the results of fight treatment in surgical tuberculosis are so 
variable, why in some instances so brilhant, in others so disappoint- 
ing ” He attempts to explam this on what he calls his “theory of 
varying stimuli and varymg response ” He regards sunhght as a 
non-specific aid to other forms of treatment, and thinks that the im- 
portant thmg for the hehotherapist to study is not the source of light 
used, but the response of each individual patient to it He empha- 
sizes, m a paradox, the common “unchangmg” factor in hehotherapy 
as compared with other forms of light treatment as being “that of 
constantly changing conditions ” He insists that the patient should 
not be stimulated beyond his power of response, and finds that his 
best results are obtained by the use of a combination of different 
sthnuh, sea-bathing, spraying, paddling, cool sea-breezes as weU as 
hehotherapy This paper in which the use of heliotherapy in the 
treatment of surgical tuberculosis is described as “more an art than an 
exact science,” sums up the subject comprehensively. 

I 

Experimental 

Experimentation on the production of bone tuberculosis in animals 
has not yet reached a stage where it can be used to determine the effects 
of radiation in the study of the disease This is undoubtedly the 
reason why the clinical results obtained with the use of heliotherapy 
lack scientific background 

Fraser (77) in a chmcal study, found that a large proportion of 
bone and joint tuberculosis in children m Edinburgh was bovine in 
origm, and could be traced to infected milk In a later paper (78) 
he reviews the hterature on the experimental work on the source and 
origin of bone and j’oint tubercle He emphasizes, from a series of 
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careful experunents, the difficulty of producing m anunals, tuberculous 
lesions in bones and joints He attempted to infect the medulla of 
bone with human tubercle and found a tendency for the bone lesion 
to heal, whilst a generalized infection developed elservhere He found 
the same result from infecting the nutrient artery of the tibia in the 
rabbit 

Doan and Sabin (79) have recently published some extremely 
interesting experiments They studied the effects on the blood of 
rabbits, which had received an intravenous injection of 1 to 2 mgm 
bovine tubercle bacilh They found that acute cases which died dur- 
ing the first month following injection, showed a generalised tubercu- 
losis of lungs, spleen, lymph glands, liver, with cxtcnsuc changes in 
bone marrow They also observed certain changes m the blood vhich 
were correlated with the condition of the bone marrow In animals 
that survived into the third month, they found that the bone marrow 
became entirely normal, whilst the disease developed elsewhere “so 
that one sees the remarkable condition of an animal recovering from 
the anaemia and leucopenia whilst dying of tuberculosis elsewhere ” 

These experimental results, although having no beanng on the 
subject of light in relationship to tuberculosis, have been quoted ns 
indicating an impasse in experimental work vhich makes a further 
study of radiation in relationship to tuberculosis difficult We need 
a technique for producing tuberculosis of bone in anunals, before it 
n ill be possible to make scientific study of the effect of radiation in 
Its cure Until the difficulty of localising the infection of tubercle 
m bone has been overcome, and an experimental technique witli ani- 
mals has been established, the study of radiation in relationship to 
tuberculosis must rest on its present empirical foundation The 
clinical results with the use of light in this disease arc however good 
enough to warrant further experimental study 

VI SKIN DISEASES 

Laurens (22, pp 9-17) has reviewed the subject of the physiological 
effects of radiation on tlic skin from the standpoints of penetration, 
the production of erytliema and pigmentation the funepon and origin 
of pigment, and the histologj of the irradiated skin, in great detail 
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This work forms a valuable introduction to the subject from the stand- 
point of the physiologist, and merits careful study 
One of the earliest observers of the effect of solar radiation on the 
skin was Bowles in 1888-1893 (80, 81), who studied the effects of 
Alpine sun in producing sunburn He was impressed by the fact 
that sunlight, reflected from fresh snow, had a more “energetic action” 
on the skin, than the incident ray He recognized the fact that sun- 
burn was associated with factors other than heat 

Chmcal 

Finsen was the pioneer in the clinical use of artificial radiation He 
founded his Light Institute in Copenhagen m 1896 (83) and his studies 
gave great impetus to the use of radiation from the carbon arc lamp 
His method of treatment was to pass the radiations from a carbon 
arc lamp through rock crystal lenses so as to concentrate the light, 
with a layer of water placed between the lenses to absorb heat He 
constructed also a compression apparatus which he used to render 
tissues bloodless, so that the absorption of the “chemical” rays 
took place in the skin only The aim of this treatment was to 
attack diseased tissue from outside, without any injury to healthy 
tissue His best results were obtained in the treatment of lupus 
vulgans, where in a large series of cases treated by local irradiation of 
the skin, he reported 60 per cent cures Finsen died before the use of 
general hght baths was combined with local treatment, but before his 
death he was of the opinion that this should be put to the test His 
great contribution was perhaps a recognition of the therapeutic value 
of “actimc” as distinct from heat rays, and the method he devised to 
eliminate the latter in the treatment of tuberculous lesions of the skin 
An account of the activities of Fmsen’s dime, subsequent to his 
death, is given by Reyn (85) who found that by a combination of local 
with general irradiation treatment he was able to raise the percentage 
of cures in cases of lupus vulgaris from 60 to 90 per cent 

The value of Finsen’s radiation treatment in the cure of lupus 
vulgaris has been confirmed by many writers, the treatment, on the 
whole, however, has not yielded such a high percentage of cures in 
the hands of other workers 

Sequeira (86) introduced the Finsen treatment into the London 
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Hospital, England, and found, in his early cases of lupus vulgaris, 
using both local and general irradiations that the results were very 
satisfactory In later papers (87, 88) he claims, m a large senes of 
cases treated over a period of seven years, 70 per cent permanent cures, 
11 per cent temporary cures with 'mild recurrences and 3 per cent 
completely intractable 

Macleod (89) reports 40 per cent cures and “decided improvement 
in most of the others” m cases of lupus vulgans treated by the Fmsen 
method at Charing Cross Hospital, London 
Bizard (90) reports 26 per cent permanent cures, whilst in 20 per 
cent of his cases the disease recurred within six months See also 
Clark (91), Simpson (92) and Heilberg and With (93) 

Gauvain (73) introduced the Finsen-Reyn method of treatment into 
his chmc at Alton, England, and in this paper gives a detailed account 
of the organization of the light dime, with a description of the lamps 
used, and the careful technique employed 
A summary is given below of the mam results obtained from the 
study of a number of clinical papers dealing with the use of carbon arc 
and mercury vapor quartz radiation in the skin diseases mentioned 
In schorritoca and rosacea radiation therapy has proved a useful 
adjuvant to other remedial measures 
In eczema the results are vanable and inconstant There is often 
a temporary improvement, a relief of itching, and a drying up of exu- 
date, but the disease is apt to recur even during the period of treat- 
ment The therapy has not been found to shorten the course of the 
disease 

In lupus crylhemalosus the results as to the value of the treatment 
are extremely doubtful 

In alopecia areola the treatment is probably of little use, except in 
the incipient stage of the disease 

In psoriasis the results are, on the whole, good, some authors ad- 
vocate radiation therapy as the treatment of choice Severe exposures 
given locally to tlie lesions, sufliaent to produce an intense erj^ema, 
appear to yield tlie best results This treatment should be combined 
with general irradiation of the body Radiation therapy docs not 
elTect a permanent cure but most authors agree that subsequent re- 
currences can be easily controlled by a repeated course of treatment 
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This work forms a valuable introduction to the subject from the stand- 
point of the physiologist, and merits careful study 
One of the earliest observers of the effect of solar radiation on the 
skin was Bowles in 1888-1893 (80, 81), who studied the effects of 
Alpine sun in producing sunburn He was impressed by the fact 
that sunhght, reflected from fresh snow, had a more “energetic action” 
on the skin, than the incident ray He recognized the fact that sun- 
burn was associated with factors other than heat 

Chmcal 

Finsen was the pioneer m the clinical use of artificial radiation He 
founded his Light Institute m Copenhagen in 1896 (83) and his studies 
gave great impetus to the use of radiation from the carbon arc lamp 
His method of treatment was to pass the radiations from a carbon 
arc lamp through rock crystal lenses so as to concentrate the light, 
with a layer of water placed between the lenses to absorb heat He 
constructed also a compression apparatus which he used to render 
tissues bloodless, so that the absorption of the “chemical” rays 
took place in the skin only The aim of this treatment was to 
attack diseased tissue from outside, without any injury to healthy 
tissue His best results were obtained in the treatment of lupus 
vulgans, where in a large series of cases treated by local irradiation of 
the skin, he reported 60 per cent cures Finsen died before the use of 
general light baths was combined with local treatment, but before his 
death he was of the opimon that this should be put to the test His 
great contribution was perhaps a recognition of the therapeutic value 
of “actimc” as distinct from heat rays, and the method he devised to 
eliminate the latter in the treatment of tuberculous lesions of the skin 
An account of the activities of Finsen’s clinic, subsequent to his 
death, is given by Reyn (85) who found that by a combination of local 
with general irradiation treatment he was able to raise the percentage 
of cures in cases of lupus vulgaris from 60 to 90 per cent 
The value of Finsen’s radiation treatment in the cure of lupus 
vulgaris has been confirmed by many writers, the treatment, on the 
whole, however, has not yielded such a high percentage of cures in 
the hands of other workers 

Sequeira (86) introduced the Fmsen treatment into the London 
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Hospital, England, and found, in his early cases of lupus vulgaris, 
using both local and general irradiations, that the results were very 
satisfactory In later papers (87, 88) he claims, in a large series of 
cases treated over a period of seven years, 70 per cent permanent cures, 
11 per cent temporary cures with'mild recurrences and 3 per cent 
completely intractable 

Madeod (89) reports 40 per cent cures and “decided improvement 
in most of the others” in cases of lupus vulgaris treated by the Fmsen 
method at Charing Cross Hospital, London 
Bizaid (90) reports 26 per cent permanent cures, whilst in 20 per 
cent of his cases the disease recurred within six months See also 
Clark (91), Simpson (92) andHeilberg and With (93) 

Gauvain (73) introduced the Fmsen-Reyn method of treatment into 
his dime at Alton, England, and in this paper gives a detailed account 
of the organization of the light dime, with a descnption of the lamps 
used, and the careful technique employed 
A summary is given below of the main results obtained from the 
study of a number of chmeal papers dealing with the use of carbon arc 
and mercury vapor quartz radiation in the skin diseases mentioned 
In schorrhoca and rosacea radiation therapy has proved a useful 
adjuvant to other remedial measures 
In eczema the results are variable and inconstant There is often 
a temporary improvement, a rehef of itching, and a dr> ing up of exu- 
date, but the disease is apt to recur even during the period of treat- 
ment The therapy has not been found to shorten the course of the 
disease 

In lupus erythemalosus the results as to the value of the treatment 
are extremely doubtful 

In alopecia areata the treatment is probably of little use, except in 
the inapient stage of the disease 

In psoriasis the results are, on the whole, good, some authors ad- 
vocate radiation therapy as the treatment of choice Severe exposures 
given locally to the lesions, sufEcient to produce an intense erythema 
appear to yield the best results This treatment should be combined 
uith general irradiation of the body Radiation therapy does not 
effect a permanent cure but most authors agree that subsequent re- 
currences can be easily controlled by a repeated course of treatment 



446 


ETHEL M LUCE CLAUSEN 


In mhhgo it has been found possible to produce definite pigmentation 
in the vitiliginous patches by exposure to radiation 
Injuninculods radiation treatment appears to be the treatment of 
choice It IS effective in aborting furuncles, and in relieving the ten- 
sion and pain of an indurated boil 
In acne also the results of radiation treatment are uniformly good 
The skin lesions clear up rapidly, and though they tend to recur, 
subsequent attacks can be easily controlled with renewed treatment 
References %llusiiaUng above summary. Wise (94) a critical survey. 
With (95) vitiligo, Bryant (96) eczema Butler (97) a critical survey 
Fox (98) alopecia areata Reyn (85) results reported from Finsen’s 
clinic Wembren and Graham-Hodgson (100) tuberculosis verrucosa 
Castle (101) general Core (102) a critical survey 
Radiation in the Treatment of Idiopathic Puipura Hemorrhagica 
Sooy and Moise (163) found that exposure to the mercury vapor 
quartz lamp of patients suffering from idiopathic purpura hemor- 
rhagica was followed by a rise in blood platelets Tolstoi (164) 
was unable to confirm this Purpura hemorrhagica is a symptom- 
complex with a tendency to remissions, therefore, it is diflicult to 
evaluate any form of treatment in this disease Radiation therapy, 
although undoubtedly beneficial in certain cases, cannot be regarded 
as a specific form of treatment The results obtained by radiation 
have also been obtained by other methods of treatment such as splenec- 
tomy and transfusion 

The skin conditions described in the preceding section have been 
treated with full radiations from the source of light used (with the 
exception of the Finsen lamp in which the heat rays are excluded) 
This includes a range of radiations, from the ultra-violet, through the 
visible, to the infra-red regions of the spectrum Very little chnical 
work has been done with filtered light 

Finsen (82, 84) was of the opimon that the pustules of small-pox were 
hght sensitive, and recommended the use of red shades over the win- 
dows in the treatment of the disease It is of historical interest to 
note that this method of treating small-pox did not originate with 
Finsen, but was practised early in the fourteenth century by John 
Gaddesden, physician to King Edward II of England, Garrison (103), 
Madeod (89) and probably before this by Gilbertus Anglicus and 
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precursor in the skin, thought to be ergosterol, or a sterol < 
constitution Ergosterol, when activated by light, shows ^ 
nite changes in its spectrophotometric curve, whi^ indicates a 
action, as suggested by Clark At the present time, only 
photochemical effect has been proved, but in further stud 
effects of light on the skin, it would seem possible that oth 
chemical effects may be demonstrated, brought about po: 
light of differing wave-length. 

Sonne (107) studied in some detail the mode of action of 
on human skin He felt it illogical to attribute the whole th 
effect of a general light bath to radiations in the ultra-viole 
and made a special study of the biological action of visible i 
radiations Laurens (22, p 11) has reviewed his work i; 
the results seem to pomt to a heating effect of subcutaneo 
and blood under the action of visible radiations Sonne 
this production of heat in the skin as being of positive th( 
value, and recommends the use' of the carbon arc rather than 
cury vapour quartz lamp; the former being a better source ( 
and heat radiations Similar results, on the heating effect ( 
radiations on the skin, are reported by Butler (97) The i 
ultra-violet radiation on the skin is discussed by Lane (167) 
violet radiation is known to cause a temporary vasodilatatu 
capillary walls. With intense radiation the effect can be a 
a point where there is increased permeability of the cell walk 

On certain skins, intense exposure to ultra-violet radiations 
duced toxic effects which Harris and Hoyt (108) think may b 
the absorption of rays by tyrosin and phenylalanine i 
protoplasm 

Lewis and Zotterman (109) investigated the effects on the 
exposures to radiations from a Hanovia Quartz burner rur 
volts and 7 amperes They expiosed isolated areas of skin on 
man forearm, for varying periods of time, at a distance of 1 
from the lamp, and studied the changes in the skin subseque 
exposure. They found a triple reaction of the cutaneous v 
local vasodilation;, a reflex dilatation of the arterioles, and ii 
permeability of the vessel walls They showed that substan 
duced during the process diffuse into the surrounding skm, 
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earned away by the l)rmphatics, so that the reaction of the skin is 
not confined to the area radiated They traced the reaction into 
the surrounding unexposed skin and showed its extension along the 
lymphatic channels They emphasize a loss of contractile tone in 
the blood vessels subsequent to irradiation The effect they describe 
IS not pecuhar to light, but can be produced by other forms of injury, 
such as freezing 

Ptgmentalton 

The effect of ultra-violet radiation m producing pigmentation of 
the skin has been discussed by many authors Clark (14), Laurens 
(22), Junglmg (110) Hausser and Vahle (111) The rays that bnng 
this about must he between the limits of 290 to 330 mji, since a skin 
exposed to sunlight will readily show pigmentation, whilst a screen 
of ordinary window glass cuts off the effective ra>s The function 
of pigment is not understood From the chmeal standpoint the 
theories as to its therapeutic value have been expressed in tivo w ays 

I That the formation of pigment has a postfioc value, and ts a stnc 
qu& non of cure Bernhard (112) and Rolher (72) to a large extent 
base their prognosis on the production or non-production of pigmenta- 
tion in the patient’s skin Rollier’s well-known theory of the function 
of pigment, i e , that pigment acts as a transformer, which changes 
rays of short wave-length, to those of long wave-length by fluorescent 
action, has been questioned by many authors In opposition to this 
theory, Clark (14) found pigmented skin, examined under Wood’s 
monochromatic light (which induces marked fluorescence when applied 
to substances capable of such a reaction) to be entirely non-fluorcscent 

Z Thai the formation of pigment tn the shin is of negative, or doubtful 
value This view has been expressed by Tinscn (82, 83, 84), Rejn 
(85), Peacock (113) and Mayer (71), and these writers aim at keeping 
the skin of their patients sensitive to light by avoiding a heavy 
pigmentation 

Peacock (113) in a stud> of certain substances tliat proved to be 
either fluorescent or non-fluoresceiit when examined in a beam of ultra- 
violet radiation, found that xaschne, a fluorescent substance, when 
smeared over the skin protected it against the action of ultra-violet 
radiation He also found the keratinized k>er of the epidermis to 
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be strongly fluorescent He regards this fluorescence of the skin as a 
mechanism whereby the skin obtains immediate protection against 
the action of ultra-radiation, smce m fluorescence a proportion of the 
incident ra3^s are dissipated at the surface of the skin as light He 
regards pigmentation as a later stage m the same protective process, 
and suggests that the appearance of pigmentation marks the failure 
of fluorescence to protect the skin from excessive radiation This 
theory of Peacock’s would appear to be supported by the fact that 
fluorescence and pigmentation seem to vary inversely as each other 
He says “If pigmentation of the patient is arrived at as a standard of 
successful treatment, this is tantamount to producing deliberately in 
the patient a natural and efficient protection against the very source 
of treatment employed ” 

Gauvain (165) takes a less definite view of the therapeutic value of 
pigmentation He regards it as being not necessarily synchronous 
with cure In general his aim is to give a stimulus calculated to ehcit 
the optimal response of the patient, with or without the production of 
pigmentation When such eminent authorities as these mentioned 
above take opposed views as to the chmcal value of pigmentation, 
only one conclusion is possible, namely, that the matter is not under- 
stood and cannot be regarded as settled 

A fact that is not sufficiently emphasized but which is apparent to 
all climcians who use radiation therapy, is the enormous variation in 
the response of the skins of individual patients to light It is impos- 
sible to make any arbitrary classification of these patients into those 
that pigment and those that do not 

Warren® after a two years’ experience of the use of high intensity 
carbon arc lamps (90 amperes and 110 volts) in the routine treatment 
of patients in a general chmc, has kindly given me the following 
statement 

There is no way of knowing, before the commencement of treatment, 
whether the skm of a particular patient will pigment or not The classi- 
fication of patients mto blondes and brunettes offers only an exceedmgly 
rough indication of their subsequent reaction Frequently pale-skinned 
brunettes, both children and adults, fail to pigment altogether, yet tolerate 

® Pnvate commumcation, from the Strong Memonal Hospital, Rochester, New York 
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large amounts of “high intensity” radiation without any erythematous 
reaction Faur-skmned blondes may “tan” instead of becoming “burned” 
and tolerate large doses of radiation readily, although this is not the reac- 
tion one would expect to obtain With carefully graduated, identical 
dosage, patients of the same outward colourmg and appearance may react 
differently, some pigment steaddy, others “peel” repeatedly mth httle pig- 
mentation, others “bum” without any appearance of “tan,” and there is 
an occasional patient whose skin shows no demonstrable reaction to very 
large doses of radiation The production of pigmentation or its failure to 
develop, appears to bear no very definite relationship to prognosis, clinical 
improvement may occur without pigmentation, and excellent pigmentation 
may occur with no evidence of chnical improvement, in identical chnical 
entities w-ithout respect to the disease studied 

Until more is known about the factors which control the individual 
reaction of the patient’s skin to radiation therapy, and until these 
variations in response arc satisfactorily explained, the production or 
not of pigmentation must be regarded as of doubtful prognostic 
importance 

Vn ■WOUNDS 

Claims for the value of radiation therapy in the treatment of wounds 
are based almost entirely on clinical evidence Very little expenmen- 
tal work has been done, and the results so far are inconclusive 

Bernliard (112), who antedated Rollierin the clinical use of helio- 
therapy, was induced to try the effect of mountain sunlight on the 
healing of wounds He claims to have had striking success by this 
method of treatment, and thinks that the most effective radiations 
are in the visible and infra-red regions of the spectrum He does not 
regard the healing effect of sunlight as being due to the bactericidal 
effect of light on microorganisms, but to some effect which results in 
direct stimulation to the growth of epithelium The work of Torraca 
(114, 115, 116, 111) would appear to support this, since he found that 
sterile bandaged wounds artifiaally inflicted on guinea pigs responded 
to sunlight more readily than open wounds On the other hand Co- 
burn and Cowles (1 18) working with rats w ere unable to confirm this 

Breigcr (119) in an article on light tlicrapj in tlic world war, sum- 
marizes the literature on the treatment of wounds bj “ultra-violet 
light” therapy In his own clinical work he used tlie mercury vapor 
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quartz lamp. He gives an account of an experiment on himself in 
which a severe over-dose of radiation from 3 new mercury vapor 
quartz lamps, produced in addition to an extremely severe dermatitis 
“an unusually dark pigmentation ” He found in later trials, using 
a more moderate dosage that, although he was always able to produce 
a reaction of erythema in his skin, he was never again able to produce 
pigmentation This experiment of Breiger’s is of interest as indicat- 
ing possibly a permanent effect in the skin resulting from over-dosage 
with ultra-violet radiation Failure of skin to pigment under the 
influence of radiation therapy is a common experience in clinical prac- 
tice; but for a skin, once sensitive to pigmentation, to lose this power, 
IS rare Breiger thinks that the effect of radiation in the healing of 
wounds IS first to dry them, and then to produce an effect of suction 
similar to that produced by cupping He noticed in certain cases 
a seeding of epithehum over the surface of the wound, under the action 
of radiation, rather than the usual process of healing from the edges 
He thinks that this may be regarded as an “auto-transplantation” of 
minute particles of epithelium torn off from the surrounding healthy 
skin which fasten themselves on the surface of the wound during radia- 
tion treatment, and so forpi islands of epithehum He reasons from 
this that radiation therapy may be of value in stimulating initial 
growth of skin transplantations 

Crile (120) has recommended the use of continuous exposure to 
electric light, combined with Dakin’s solution m the open treatment of 
wounds, and his results with this line of treatment are undoubtedly 
good. Without doubting for one moment the clinical results obtained 
by these authors, one is somewhat sceptical as to the validity of the 
claims for a specific effect of radiation on wounds It would appear to 
the critical reader that the mam results obtained are produced in two 
ways, by heat and by a destructive action on bacteria, and that both 
these results can be, and have been produced by other means Any 
source of light rich in ultra-violet and infra-red radiations could 
bring about both these results It is very suggestive that Cnle (120), 
using a source of hght almost deficient in ultraviolet (bactericidal) 
radiations, should find it necessary to reinforce it with an antiseptic 
(Dakin’s solution) 

Ries (121) found a tendency for vaccination scars to become irri- 
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tated and red when exposed to ultra-violet radiation, and thinls that 
all scar-formations should be protected from light, on the theory of 
its hypersensitiveness to light, especially to radiations in the ultra- 
violet This view formed the basis of Finsen’s treatment of small- 
pox already discussed 

The claims for a speafic curative effect of radiation on wounds can- 
not be regarded as proven, neither can the good clinical results at- 
tending Its use be disregarded, but in general one may say that, at 
present, radiation m the treatment of wounds is an empmcal remedy 
No effort has been made to define the region of the spectrum most 
beneficial, and httle or nothing is known with regard to dosage No 
attempt has been made to screen out rays that may be harmful, and 
no one knows defimtely whether the good results claimed are due to 
local or general treatment Until more accurate observations are 
made of the effect of radiations on wounds under controlled conditions, 
we must conclude that the claims made for the value of the treatment 
lack scientific background 

vin DEFICIENCY OF VITAMIN A 

Clmtcal 

Chmeal manifestations of vitamin A deficiency in infants, such as 
are seen in tlie experimental rat are rarely met with, except under 
conditions of extreme food deprivation, such conditions occurred in 
Europe during the late W’ar 

The work of C E Bloch of Denmark is the most important clinical 
contribution to the subject we have, and lus papers (122, 123, 124, 
125, 126), which have been translated into Enghsh, are of extreme 
interest In his first translated paper (122) he relates, how, in the 
Children’s Department of the State Hospital in Copenhagen, he 
noticed the occurrence of a certain eye condition m malnourished 
childrcm This condition proved refractory to treatment in the Oph- 
thalmic Department of the Hospital, but yielded to the addition of 
certain fats, notably full milk and cod hver oil, to the diet of these 
children His work was published in Damshm 1917 and 1918 and he 
sa> s “When I published my first pflpcr it w as unknown in tlus country, 
that the American physiologists had obtained evidence of the presence 
of certain speafic bodies m various fats,” and in later papers he rccog- 
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nized the fact that he was fortunate to work at a time when an ex- 
planation of his chmcal findings was available through the means of 
animal experimentation He recognized the eye disease as being 
xerophthalmia, and correlated the outbreak which occurred in Den- 
mark during the late war with a shortage of fat At this time all the 
whole milk and butter was being exported, and only skim milk and 
butter milk were available for the very poor From the first (123) 
he questioned, on clinical grounds, the then-prevalent idea, that rickets 
is due to the lack of vitamin A He found that the specific lesion, 
due to lack of vitamin A, namely xerophthalmia, was rarely met 
with in association with rickets At about this time McCollum (32) 
made his important discovery that rickets in the rat could be cured 
with cod liver oil in which vitamin A had been destroyed by aeration, 
and that the same oil was ineffective in the cure of experimental xero- 
phthalmia in rats In a later paper (124) Bloch showed that in cer- 
tain cases of xerophthalmia which fail to respond to vitamin A in the 
diet, there may be an intercurrent infection which interferes with its 
absorption At this time the cure of rickets with ultra-violet radia- 
tion was well known, and Bloch (124) proceeded to investigate the 
effects of radiation treatment on xerophthalmia He used full radia- 
tions from a 75-ampere carbon arc lamp, in the treatment of two mild 
cases, a brother and a sis ter During the period of treatment these two 
children were fed on a diet containing, as Bloch showed later, enough 
vitamin A to control the disease, but not enough to bring about a 
cure Full details of the diet are given in the paper The boy re- 
ceived 17 light baths and the girl 11, of two hours’ duration every 
other day, with the lamp “brought as near as possible,” 

and the skin in both cases became rapidly pigmented. The result m 
both cases was no cure, but no intensification of the disease, a result 
which Bloch showed could be brought about by the diet alone He 
concludes that light cannot replace vitamin A, or supply it to the 
organism 

Experimental 

Luce (127, 128) showed that exposure of the animal to sunshine 
played no part in increasing the vitamin A value of cow’s milk as 
tested on rats suffering from a deficiency of ‘Vitamin A ” By keeping 
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one cow under varying conditions of light and diet for a period of two 
years, the vitamin A value of the milk was shown to vary vithin wide 
limits, but these limits of high and low values proved to be directly 
proportional to the vitamin A content of the diet of the animal The 
exposure of the cow to sunlight had no significant effect in raising the 
vitamin A value of the milk This work was carried out before the 
distinction between vitamin A and vitamin D was fully recogmzed, 
and the basal diet of the rats, used by Luce in the titration of the milk, 
is open to the cnticism that it was defiaent in both vitamins This 
work vas continued by Chick and Roscoe (129), using the same ex- 
perimental cow These workers modified the basal diet of the rats, 
and supphed vitamin D by the addition of irradiated cotton seed oil 
They also found exposure of the cow to sunlight to be without effect 
in raising the vitamin A value of the milk 
Powers, Park and Simmonds (130) found that rats fed on a diet 
deficient in vitamin A, and exposed to sunlight, were not protected 
against xerophthalmia They found, however, that the exposure of 
the animals to sunlight did delay to some extent the development of 
xerophthalmia, and prolong the period of survival of the animals on 
the diet Their experiments indicate that sunlight cannot be used as 
a substitute for vitamin A Similar negative findings as to tbevalue 
of radiations from an artifiaal source to supply a vitamin A defiaency 
in the diet of young rats arc reported by Sheets and Funk (166) 

The writer, in a senes of unpublished expenments, has tested a 
scries of isolated radiations in the ultra-violet, in the visible, and m 
the infra-rcd regions of the spectrum, on rats fed on a standard diet 
deficient only in vitamin A These radiations verc transmitted 
through filters from the same source of light, a carbon arc lamp 
(25 amperes and 110 volts) Seven groups of rats received a daily 
irradiation, each group was irradiated with a band of radiations trans- 
mitted through one of the seven filters, and the animals v ere kept for 
the remainder of the time in a photographic dark room She was 
unable to obtain any evidence of a protective effect of any of the radia- 
tions used The rats that received ultra-violet radiations were, if 
anything, made worse by the treatment 
Coward (131) found that hght from a. mercur> vapour quartz lamp 
was effective in causing an acceleration ol the formation of vitamin A 
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in living plant tissue, without influencing the ultimate amounts of the 
vitamin contained in the tissues She also found the amount of 
vitamin A in etiolated wheat shoots to be an inverse function of the 
temperature at which they are grown 
The weight of both chnical and experimental evidence seems to show 
light to be without effect on disorders arising in the child, and m the 
animal, from a deficiency of vitamin A It cannot therefore act as a 
substitute for vitamin A, which must be supplied in the food Light 
has a definite effect on plant tissue in hastening the production of 
vitamin A, and so has heat, but whereas heat in general doubles the 
rate of vitamin A production for every 10° rise of temperature, light 
will produce the same effect more rapidly 

IX DISEASES OE THE EYE 

There is a large and important hterature deahng with the effects of 
hght on the eye, the absorption characteristics of the various eye 
media, and the pathological effects of certain radiations in the produc- 
tion of snow-bhndness, glass-blower’s cataract, senile cataract, and 
conjunctivitis This is, however, outside the scope of this review 
With regard to the use of radiation in the treatment of diseases of 
the eye, Lundsgaard (132) working at the Finsen Institute in Copen- 
hagen regards the Finsen Light treatment in tuberculous disease of 
the eye as being of doubtful value In cases of extreme photophobia, 
he found that exposure of the patient to a general light bath (with the 
eyes covered) proved beneficial, but not as beneficial as the use of sun 
baths under the same conditions 

Nutt (133) recommends the use ot full radiations from a quartz 
Hanau lamp, to the entire body, with eyes protected with smoked 
glasses, in the treatment of phlyctenular conj'unctivitis. This treat- 
ment is combined with daily doses of cod hver oil He finds that the 
treatment results in the disappearance of blepharospasm and lacryma- 
tion, and that the phlyctenules clear up gradually 
See also Castresana (134) 

X GENERAL NUTRITION AND RESISTANCE} TO INFECTION 

Chnical 

Many claims have been made for the beneficial effects of artificial 
hght therapy in promoting growth and resistance to infection in chil- 
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dren These claims -would appear to be rooted m subjective rather 
than objective emdence, and in support of this statement two well- 
controlled chmcal studies may be quoted that of Mackay (11) and 
that of Barenberg and Lewis (146) 

Mackay (11) made observations extending over a penod of 13 
months, on the effects of treatment with the mercury vapour quartz 
lamp on the health of infants These infants were taken from the 
out-patient department of a London Hospital, were artificially fed, 
and sub-normal in weight and general health at the begmmng of the 
investigation 66 were treated with light and 137 were used as 
controls All the children were given cod hver oil -with a view to 
eliminating rickets as a comphcating factor m the investigation Dur- 
ing the course of the investigation both groups of infants were studied 
from the standpoint of weight, percentage of hemoglobin in the blood, 
resistance to infection and general clmical condition It was found 
that the rate of gain in weight in the hght treated cases -was approxi- 
mately equal to that of the controls Light treatment did not cure 
or prevent the development of anaemia, neither did it protect against 
the occurrence of respiratory infections No objective evidence 
was obtained for the value of radiation therapy in impro-ving the 
general clinical condition of the children 
This study of Mackay’s is of speaal value masmuch as her results 
were subjected to careful statistical analysis She was also careful 
to note and evaluate every possible source of error in such an obviously 
difficult investigation She states, “different results might have been 
obtained with another type of lamp, c g , the carbon arc," but a simi- 
lar study with the use of the carbon arc lamp made by Barenberg and 
Lewis (146) gave, on the w hole, similar results 
These authors studied the effect of carbon arc radiation on the 
health of a group of 9 infants treated in an institution, over a penod of 
three months, using a similar group of 10 unirradiated infants as con- 
trols The dietary regime of both groups of infants w as the same and 
included a daily dose of cod liver oil They found that radiation 
treatment had no effect in reducing the incidence of rcspiratorj in- 
fections Growth in weight and in height during the first six weeks 
of treatment was greater in tlie irradiated than in the non-irradiated 
group, but during the second six weeks the converse was observed 
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Blood counts showed that the number of er 3 rthrocytes and leucocytes 
did not seem to be affected by irradiation Radiation appeared to 
prevent a 12 per cent fall in hemoglobin which was noted m the unir- 
radiated group 

These authors think that radiation produced an initial stimulating 
effect, which was followed by a depressant action of the rays Their 
results suggest that an initial benefit may be lost by over-irradiation, 
but do not on the whole give any very weighty evidence for the value 
of the radiations used 


Experimental 

Hill and Clark (147) investigated the effect of ultra-violet raxhation 
on the resistance of albino rats to a pneumococcus infection Their 
results as to the value of the radiations used were completely negative 
They say in conclusion, “The present state of our knowledge concern- 
mg the effect of ultra-violet radiation on susceptibility to infection 
does not justify its use as a general therapeutic agent in infecjtious 
diseases and gives very httle support to the behef that it is capable of 
increasing natural resistance in normal individuals ” 

Wade Brown (158, 159, 160) made a careful and exhaustive study of 
the effect on normal rabbits of continuous exposure to radiations from 
a Neon light This lamp emits a band of radiation between the limits 
of 337 and 362mM, but by far the greater part of its radiation lies in 
the visual red and near infra-red regions of the spectrum between the 
limits of 580 and 760m/i He found that albino rabbits kept m this 
hght environment showed a gain in weight that was approximately 
three times that of a control group This gam in weight was accom- 
panied by increased proliferative activity of hair folhcles over shaved 
areas of skin and increased functional activity of certain organs 
The author (161) has shown a growth-promoting effect on rachitic 
rats, of daily short exposures to isolated radiations in the near infra- 
red region of the spectrum between the limits of 720 to 1120mM 
It is possible t^iat the results of both these experiments will be 
traced to a hitherto unsuspected photochemical effect of infra-red 
radiation on the organism, although at present this is nothing but a 
tentative suggestion Wade Brown thmks it more likely that the 
profound influence of a fixed light environment on the animal organ- 
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ism demonstrated m his expenments does not depend on the ivave- 
length or energy equivalent of the hght concerned ^ 

XI SCREENS FOR THE TRANSMISSION OF ULTRA-VIOLET RADIATION 

A great deal of interest has recently been shown in the development 
of screens capable of transmitting the ultra-violet radiations of sun- 
light Many sucli screens are now on the market and are being widely 
advocated under difierent trade names, for use m hospital solana, 
animal houses, schools and offices These vanous glass materials 
vaiy considerably, not only in their initial transmission, but in the 
degree to which they deteriorate after prolonged exposure to light 

A summary of the transmission data of all these glasses and glass 
substitutes (such as cellulose acetate) used for therapeutic purposes 
has been published by Coblentz (147a) In this paper Coblentz 
emphasizes the fact that all the new glasses on the market that 
transmit the ultra-violet radiations of sun-light, decrease in the power 
to transmit these rays on exposure to hght This fact should be 
borne m mind when considering the advisability of going to the ex- 
pense of installing these glasses on a large scale 

Clark (148) estimated the probable amount of ultra-violet radiation 
obtained indoors tlirough one of the best of these ultra-violet trans- 
mitting glasses She took into consideration the fact that a worker 
indoors would not sit in the direct sunlight, and assumed an average 
illumination of 10 foot-candles She found that the amount of ultra- 
violet radiation through this screen reaching a point inside a room, 
where tlie illumination was 10 foot-candles, was so small as to be 
incapable of direct measurement By indirect measurement (the 
zinc sulphide method (Clark (12), she estimated that “a child would 
have to sit m that place for 20 hours to get as much ultra-violet radia- 
tion as he would get in two minutes out-doors in sunlight at noon ” 
This paper indicates that the expense of installing these ultra-violet 
transmitting glasses m schools and offices is hardly justified m view’ of 
the doubtful benefit derived Their use in hospital solana speaally 

• Sinci. going to press the following report by Dr Don Colebrook (Meilicsl Research 
Council — Special Report Series No 131) has appeared Dr Colebrook studied the effect 
of artificial irradiation on tiie health of school children Her findings as to the \aluc 
of the radiations used were of a negabv c character 
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constructed to obtain the maximum amount of direct sunlight duiing 
the day, is ano'ther matter But even here, as Coblentz (147a) points 
out, “it requires but little dust and dirt to reduce the transmission by 
40 to 50 per cent ” 

XII POSSIBLE DANGERS OF RADIATION THERAPY 

1. Accident may he caused by the use of lamps of faulty construction 
A case (135.) was recently reported in England of a young man found 
dead in a bath, with an “ultra-violet” lamp beside him He had 
suffered from acne, and had evidently bought the lamp for the pur- 
pose of self-treatment The lamp was of faulty construction, im- 
properly insulated, and the man died from electrocution 

2. Accidental overdosage MacCormack and McCrea (136) report 
the case of an old man who fell asleep during a self-administered treat- 
ment from a therapeutic lamp, the details of which are not given He 
received an exposure lasting one hour and ten minutes instead of the 
customary ten minutes This accidental overdose was followed by a 
grave constitutional illness 

3 Possible effects of overdosage causing an over-production of vitamin 
D in poorly nourished persons. In a recent article, Dixon (137) 
showed that urinary calculi can be produced in rats by the adminis- 
tration of large doses of irradiated ergosterol Padua (138) concludes 
from a study of the incidence of urinary calcuh among Filipinos that 
“ih'adequate dietetic conditions amongst Filipinos and concomitant 
nutritional disorders such as ben-ben favor the formation of phos- 
phatic stone ” Dixon suggests that the tormation of urinary calcuh 
reported by Padua might be further explained on the basis of exces- 
sive exposure of the Filipinos to sunlight This, combined with 
their poor dietary regime, might lead to an over-production of vitamin 
D followed by the formation of urinary calcuh If substantiated, 
this suggestion of Dixon’s would indicate the possibility of a specific 
danger involved in the use of excessive exposures to radiation of 
poorly nourished persons 

4 Harmful ejects of radiation therapy in ceitain diseases. These 
have been discussed more fully elsewhere, but should be mentioned 
here. Radiation therapy appears to be definitely contraindicated in 
certain cases of active pulmonary tuberculosis, where its use has been 
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found to cause hemoptysis In cases of heart disease and nephntis 
radiation therapy has also proved more harmful than beneficial 
See also Heald (139) 

In a recent article Dixon (140) makes the rather general statement 
that the opinion of physicians m general deprecates the use of radia- 
tion in the treatment of “higlily nervous and neurotic people” on the 
ground that it may cause a “grave psychic reaction ” Mudie (141) 
has criticized this statement on the basis of his own clinical espencnce 
Drury (143) investigated the effects of ultra-violet radiation in the 
treatment of mental disease He found that “agitated melanchohes, 
acute maniacs, and epileptics” do not benefit mentally, but become 
worse "Simple melanchohas and manic-depressives” showed an 
improvement in physical condition after radiation, which led to some 
improvement in their mental state 

XI0 THE PROTECTION OP THE PUBLIC AGAINST THE INDISCRIMINATE 
USE OF “ultra-violet” I AMPS 

In view of certam dangers attending the use of radiation, the ques- 
tion arises as to whether radiation therapy should not be exclusivel> 
in the hands of people specially trained to administer it 

There is a general feehng m the minds of the public, that x-rays and 
radium are dangerous except m the hands of an expert, but with re- 
gard to ultra-violet radiations no such feehng exists The carbon 
arc and the mercury vapor quartz lamp are on the market for any 
one to buy and install in his home for indiscriminate use Steps have 
already been taken in England, France and the United States to pro- 
tect the pubhc against the dangers involved 

In England a special sub-coxnmittce of the British Medical Associa- 
tion was appointed to consider how best to safeguard the use and do 
away with the abuse of radiation therapy m general The final form 
of its recommendation w’as quoted by Heald (142) at a discussion in 
the Section of Radiology and Physiology at a recent annual meeting of 
the British Medical Association This recommendation is as follows 

That m view of the risks to the pubhc involved in tlie use of electriaty 
and radiation as methods of treatment b> untrained and unqualified per- 
sons It IS to be desired 
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(1) That suitable courses of training should be organized under medical 
direction for persons who wish to administer this form of treatment. 

(2) That persons who have satisfactorily followed such a course should be 
entitled to have their names entered on an approved Roll 

(3) That one of the conditions attached to admission to, and mamte- 
nance on, the approved Roll should be abstention from the treatment of any 
patient except on the responsibihty, and under the general supervision of a 
registered medical practitioner, and 

(4) That patients who require electrical or radiation treatment should be 
referred only to these persons whose names are in the approved Roll 

Heald (142) also quotes the Council of Public Hygiene in France 

That given the senous acadents which may result from the use of ultra- 
violet radiations handled by incompetent persons, it is necessary in the 
interests of Public Health to confine the use of these procedures to hospital 
services, and to authorise their application only by speaalist physicians 

In the United States the Council of Physical Therapy has reported 
on the dangers to the public of self-treatment by the sale of generators 
of ultra-violet energy The Council (144) is convinced “that the sale 
of generators of ultra-violet energy to the public for self-treatment is 
without justification” on the foUowmg grounds (1) The danger of 
ultra-violet burns and inj'ury to the eyes, (2) the inability of the lay 
public to j'udge what cases are suitable for radiation treatment, (3) 
that the possession of lamps would encourage the public to make their 
own diagnoses and deprive them of expert advice; (4) that such prac- 
tice would encourage the sale of fraudulent and useless lamps. 

These instances show that at the present time expert opinion is 
alive to the dangers involved in the indiscriminate use of radiation by 
the laity This attitude has ample basis, for in certain conditions 
radiation therapy is positively harmful The treatment is compara- 
tively new and we have yet to find out its latent effects We know 
very little about dosage, and have no means of measuring it except 
the empirical criterion of a dose that will produce a skin erythema 
In one disease only, namely rickets, have we a soimd saentific basis 
for the use of radiation, the curative radiations in this disease are 
limited to a very narrow band in the ultra-violet, and with regard to 
the effect of rays of longer wave-length we know very httle In 
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general one may say that at the present time our lack of knowledge 
as to the eflfects of radiation on the human organism is an outstanding 
fact This alone would appear to be suflSaent argument to justify 
any legislative action to protect the public against its wholesale use 
as a general panacea 

RCrCRENCES 

(1) Warren, S L The Physiological Effects of Roentgen Radiation upon Normal 

Body Tissues Phy Re\ , vol 8, no 1 January 1928, p 92 

(2) Home, E On the Black Rete Mucosum of the Negro being a Defence against the' 

torching Effect of the Sun*s Rays Phil Trans , London, vol lu No\ em 
her 9, 1820, p 1 

(3) Rasch, C Some Historical and Clinical Remarks on the Effect of Light on the 

Skin and Skm Diseases Proc Roy Soc Med Section of Derm, \ol 20, 
no 1 October 21, 1926, p 11 

(4) COLUOUN, S Experiments on the Sensibility of the Surface of the Face to Light 

The American Recorder, vol 6 1823, p 63 

(5) Daw, J Observations on the Effect of the Sun’s Rays on the Human Bod> 

Trans Med Chir Soc Edm 1829, p 256 

(6) Charcot EiythSme Produit par FAction de la Lumifire Eleclnquc Comptes 

Rendus de la Soc de Bio 1858, p 63 

(7) Dowves, A , AND Blunt, T P Researches on the Effect of Light upon Bacteria 

and Other Organisms Proc Roy Soc Lond , vol 26 December 6, 1877, 
p 488 

(8) Arloing Influence de la Lumi5rc sur la V^g6taUon et les Propndtds Pathog&nea 

du Bacillus Anthracis Semamc Mddicale 9 Fevner, 1885,p 46 

(9) D'Arsonval and Charrin Influence dcs Agents Alraosphdnqucs, en Particulier 

dc la LumiSre et du Froid, sur le Bacille Pyocyamquc Semame Mddicatc 
IS Janvier, 1894, p 26 

(10) Paui, T A The Geographical Distribution and Etiology of Rickets Prac 
tilioner, xlv, 270, 321 1890 

(U) Mackay, H M M Artificial Light Therapy m Infancy A comparison of 66 
cases treated viith the mercury \apour quartz lamp and 137 control cases 
Archives of Disease m Childhood, \ol 2, no 10 August 1927, p 231 

(12) Clark, J H The Zinc Sulphide Method of Measuring Hltn Violet Radiation 

and the Results of a Year’s Observations of Baltimore Sunshine Am Jn 
of Hygiene, vol 9, no 3 May 1929, p 646 

(13) Webster, A , Hilt, L , and Eidenou, A Measurement of Ultra Violet Lfght b> 

Means of an Acetone Methylene Blue Solution lancet, vol 1 April 12, 
1924, p 74S 

(14) Clark, J H The rh>siological Action of Light. Phys Rev, vol ii, April 1922, 

p 642 

(15) nuLDSCiri\SK\, R Heilung von Rachitis durch kOn'iUiche Hohensonne Deut- 

sche med Wochenschr , vol 45 26 June, 1919, p 712 

(16) Hess, A F , and Unclr, I J Fhe Cure of Infantile Rickets b> Sunlight 

JAMA, vol 77, no 1 July 2, 1921, p 39 



462 


ETHEL M. LUCE CLAUSEN 


(1) That suitable courses of training should be organized under medical 
direction for persons who wish to administer this form of treatment. 

(2) That persons who have satisfactorily followed such a course should be 
entitled to have their names entered on an approved Roll 

(3) That one of the conditions attached to admission to, and mamte- 
nance on, the approved Roll should be abstention from the treatment of any 
patient except on the responsibility, and under the general supervision of a 
registered medical practitioner, and 

(4) That patients who require electrical or radiation treatment should be 
referred only to these persons whose names are in the approved Roll 

Heald (142) also quotes the Council of Public Hygiene in France 

That given the serious accidents which may result from the use of ultra- 
violet radiations handled by incompetent persons, it is necessary in the 
interests of Pubhc Health to confine the use of these procedures to hospital 
services, and to authorise their application only by speciahst physicians 

In the United States the Council of Physical Therapy has reported 
on the dangers to the public of self-treatment by the sale of generators 
of ultra-violet energy The Counal (144) is convinced “that the sale 
of generators of ultra-violet energy to the pubhc for self-treatment is 
without justification” on the following grounds (1) The danger of 
ultra-violet burns and injury to the eyes, (2) the inability of the lay 
public to judge what cases are suitable for radiation treatment, (3) 
that the possession of lamps would encourage the public to make their 
own diagnoses and deprive them of expert advice; (4) that such prac- 
tice would encourage the sale of fraudulent and useless lamps 

These instances show that at the present time expert opinion is 
alive to the dangers involved in the indiscriminate use of radiation by 
the laity This attitude has ample basis, for in certain conditions 
radiation therapy is positively harmful The treatment is compara- 
tively new’’ and we have yet to find out its latent effects We know 
very little about dosage, and have no means of measuring it except 
the empirical criterion of a dose that will produce a skin erythema 
In one disease only, namely nckets, have we a sound scientific basis 
for the use of radiation, the curative radiations in this disease are 
limited to a very narrow band in the ultra-violet, and with regard to 
the effect of rays of longer wave-length we know very little In 



THERAPEUTIC VALUE OF RADIATION 


465 


Diet Deficient m Fat Soluble Vitamincs The Part Played by Irtadiated 
Sawdust II, Biochera Jn , \oI 20, no 2 1926, p 33S 

(37) Rosemituu, 0 , akd Webster, T A Note on the Anti Rachitic Action of Ir- 

radiated Sawdust Biochem Jn , \ol 20, no 6 1926, p 1340 

(38) Stee bock, H , ANT) Nelson, EM I at Soluble Vitamins XIU Light in its 

Relation to Ophthalmia and Growth Jn Riol Chem,vol 56, no 2 June 
1923, p 355 

(39) Steenboo , H , Hart, E B , Jones, J H , and Black, A Eat Soluble Vitamin'' 

XIV The Inorganic Phosphorus and Calcium of the Blood Used as Criteria 
m the Demonstration of the Existence of a Specific Anti Rachitic Vitamin 
Jn Biol Chcm,\ol 58, no 1 November 1923, p 59 

(40) Steentiock, H, and Nelson, M T Eat Soluble Vitamms XIX The Indue 

tion of Calcifying Properties in a Ricl ets Produang Ration bj Radiant 
Energy Jn Biol Chem,\Ql 62, no 1 November 1924, p 209 

(41) Steenbock, H The Induction of Growth Promoting and Calafjing Properties 

in a Ration by Exposure to Light Science, vol 60, no 1549 September 

5. 1924, p 224 

(42) Hess, A P, \nd Weinstock, M Anh Rachitic Properties Imparted to Inert 

Fluids by Ultra Violet Irradiation J A M A,voL83, no 23 December 

6. 1924, p 1845' 

(43) Hess, A F , Aitn Weinstock, hi Antitachilic Properties Imparted to Inert 

Fluids and to Green Vegetables by Ultra Violet Irradiation Jn Biol Chem , 
vol 02, no 2 December 1924, p 301 

(44) Hess, A T , and Weinstock, M Anti-Rachitic Properties Imparted to Lettuce 

and to Growing VTieat by Ultra Violet Irradiation Proc Soc Exp Biol 
and Med, vol 22 October IS, 1924, p 5 

(45) Hess, A F , and Weinstock, M AnU^chvUc Properties Imparted to Inert 

Fluids by Ultra Violet Irradiation Proc Soc Exp Biol and Med, \oI 
22 October 15, 1924, p 6 

(46) Hess, A F , akd Weinstock, M A Further Report on Imparting Anti Rachitic 

Properties to Inert Substances by Ultn Violet Irradiation Jn Biol Chem , 
vol 63, no 2 March 1925, p 297 

(47) Stfenuock, H , Jones, J H , and Hvut, E B Fat Soluble Vitamms XVI 

Stability of the Anti Rachitic Vitamin to Saponification Jn Biol Chem , 
vol 58, no 2 December 1923, p 383 

(48) Hess, A F, Weinstock, hf , and Heuion, D Oil Activated by Irradiation 

11 Separation into an Anti Rachitic and an Inactive Fraction Proc Soc 
Fxp Biol and Med, vol 22 November 19, 1924, p 76 

(49) Rosenheim, O , and Webster, T A Rickets and Cholesterol Lancet, vol l 

Ma> 16, 1925, p 1025 

(50) Rosenheim, 0 , and Webster, T A The Anti Rachiuc Properties of Irradiated 

Sterols Biochcm Jn , vol 20, no 3 1926, p 537 

(51) Rosenheim, O , and Webster, T A Further Ob'^ervations on the Photo Chemi- 

cal Formation of Vitamin D Jn Soc Chem Ind , vol 45 1926, p 032 

(52) Rosenheim, O , and Webster, T A On tlic Nature of the Parent Substance of 

Vitamin D Lancet, vol 1 rcbfuar> 5, 1927,p S06 

(53) Tan RET, C Chcmic Vegetable — Sur un Nouveau Prmcipc Imme<hal dc 1 Frgot 

de Scigic I’LrgosUnnc J dephann etchem Par 1889, 5, s , xix, 225 



464 


ETHEL M LUCE CLAUSEN 


(17) Hess, A F , and Ungee, L J An Interpretation of the Seasonal Vanation m 

Rickets Am Jn Dis Ch , vol 22, no 2 August, 1921, p 186 

(18) Hess, A F , and Gotman, M B The Cure of Infantile Rickets by Sunlight 

Accompanied by an Increase in the Inorgamc Phosphate of the Blood 
J A M A , vol 78, no 1 January 7, 1922, p 29 

(19) Hess, A F , and Unger, L J The Clmical R61e of the Fat-Soluble Vitamm 

Its Relation to Rickets J A M A , vol 74, no 4 January 24, 1920, p 217 

(20) Park, E A The Etiology of Rickets Phys Rev , vol 3, no 1 1923, p 106 

(21) Hess, A F Newer Aspects of Some Nutritional Disorders J A M A , vol 76, 

no 11 March 12, 1921, p 693 ■ 

(22) Laurens, H The Physiological Effects of Radiation Phys Review, vol vui, 

no 1 January 1928, p 91 

(23) Hess, A F , and Unger, L J The Cure of Infantile Rickets by Artificial Light 

andbySunhght Proc Soc Exp Biol and Med, vol 18 May 20, 1921, 
p 298 

(24) Hess, A F Newer Aspects of the Rickets Problem J A M A , vol 78, no 16 

April 22, 1922, p 1177 

(25) Hess, A F , and Unger, L J Use of the Carbon Arc Light in the Prevention and 

Cure of Rickets J A M A , vol 78, no 21 May 27, 1922, p 1596 

(26) Hess, A F The Influence of Light m the Prevention and Cure of Rickets The 

Lancet, vol ii August 19, 1922, p 367 

(27) Hess, A F The Prevention and Cure of Rickets by Sunlight Am Jn Public 

Health, vol 12, no 2 February 1922, p 104 

(28) Hess, A F , and WeInstock, M Rickets as Influenced by the Diet of the Mother 

Durmg Pregnancy and Lactation J A M A , vol 83, no 20 November 
15, 1924, p 1558 

(29) Hess, A F , and Lundagen, M A A Seasonal Tide of Blood Phosphate in In- 

fants J A M A , vol 79, no 27 December 30, 1922, p 2210 

(30) Hess, A F The Ultra-Violet Rays of the Sun J A M A , vol 84, no 14 April 

4, 1925, p 1033 

(31) Medical Research Council, Studies of Rickets in Vienna Special Report Series, 

no 77 1920-1922 

(32) McCollum:, E V , Simmonds, N , Becker, J E , and Shipley, P G Existence 

of'?//; Vitamin Which Promotes Calcium Deposition J H H Bulletin, vol 33, 
no 376 June 1922, p 229 

(33) Hume, E M The Effect of Radiation with the Mercury Vapour Quartz Lamp 

on the Growth of Rats Fed on a Diet Deficient m Vitamm A Lancet, vol 
11 December 23, 1922, p 1318 

(34) Hume, E M , and Smith, H H The Effect of Air Which Has Been Exposed to 

the Radiations of the Mercury Vapour Quartz Lamp, m Promotmg the 
Growth of Rats Fed on a Diet Deficient m Fat-Soluble Vitanunes Biochem 
Jn , vol 17, no 2 1923, p 364 

(35) Hume, E M , and Smith, H H The Effect of Irradiation of the Environment 

with Ultra-Violet Light upon the Growth and Calcification of Rats, Fed on a 
Diet Defiaent m Fat-Soluble Vitammes The Part Played by Irradiated 
Sawdust Biochem Jn , vol 18, no 6 1924, p 1334 

(36) Hume, E M , and Smith, H H The Effect of Irradiation of the Environment 

with Ultra-Violet Light upon the Growth and Calcification of Rats, Fed on a 



THERAPEUTIC VALUE OF RADIATION 


467 


(70) Bills, C E, and McDonald, F G Antmcketic Substances IV The Poly- 

merization o! Cholesterol Jn Biol Chem,\ol 68, no 3 Junel926,p 821 

(71) Mayer, E Sunlight and Artificial Light Therapy in Tuberculosis A Critical 

Renew Am Rev Tuber , vol 5, no 2 April 1921, p 75 

(72) Rollier, a Hehotherapy Oxford University Press 1927 

(73) Gadviv, Sir H Organization and Work, of a Light Department in a Hospital for 

Surgical Tuberculosis Lancet, u July 4, 1925, p 10 

(74) LoGrasso, H , and Balderry, F C Heliotherapy m the Treatment of Pulmo 

nary Tuberculosis Am Rev Tuber, vol 10, no 2 October 1924, p 117 

(75) Mayer, E Controllmg Factors m Photothenpy Am Rev Tuber, vol 6, 

no 8 October 1922, p 721 

(76) Powers, G F , Park, E A , Siopixv, P G , McCollum, E V , and Simmontjs, N 

The Prevention of the Development of Rickets in Rats by Sunlight Studies 
on Expcnmental Rickets XIV Histoncal Light m the Cure of Rickets 
and Tetany J AM A , vol 78, no 3 January 21, 1922, p 159 

(77) Fraser, J The Relative Prevalence of Human and Bovane Types of Tubercle 

Bacilli m Bone and Joint Tuberculosis Occurring m Children Jn Eap 
Med , vol 16, no 4 October 1, 1912, p 432 

(78) Fraser J An Eopenmental Study of Bone and Joint Tuberculosis Jn Exp 

Med , vol 17, no 3 March 1, 1913, p 362 

(79) Doan, C A , and Sabin, F R Local Progression with Spontaneous Regression 

of Tuberculosis in the Bone Manow of Rabbits, Correbted with a Transitory 
Anemia and Leucopenia after Intravenous Inocublion Jn Eop Med , 
vol 46, no 2 August 1, 1927, p 315 

(80) Bowixs, R L Sunburn on the Alps Alpine Journal 1888 

(81) Bowles, R L On the Influence of Solar Rays on the Skin Bntish Journal of 

Dermatology , vol 5 August 1893, p 237 

(82) FiNsrs, N R Ueber die Bcdeulung dcr chcmischcn Stmhlen des Lichtes fiir 

Mcdizin und Biologic Leipzig, Verbg von F C W Vogel 1899 

(83) Finsen, N R Ueber die Anwendung von conccntnrten chcmischcn Lithtstrah 

len in dcr Mcdizm Leipzig, Verbg von F C W Vogel 1899 

(84) Finsen, N R Phototherapy Edward Arnold, 37 Bedford Si, Strand W C 

Trans from German by Scqueira 

(85) Reyn, A I ight Treatment in Mediane Radiology, vol 4 Apnl 1925, p 288 

(86) Sequeira, J H Two Cases Illustrating the Benefit of I*ight Baths in Tuberculous 

Disease of the Skin Proc Roy Soc Med Sect of Dcrmat , vol 16 Parts 
I and 11 January 18, 1923, p 63 

(87) Sequeira, J H Carbon Arc Light Baths in Treatment of Lupus Vulgans Brit 

J Derniat and Syph , vol 35 March 1923, p 93 

(88) Sequeira, J H Seven Years Experience of the Finsen Treatment Lancet, 

vol I March?, 1908, p 713 

(89) Macltod, J M H Light — Its Action on the Skm and Therapeutic Value Irac 

titioner, vol 112 January 1924, p 24 

(90) Bizvrd, L Traitcment du lupus par la Finscnth6rapje (avec presentation dc 

mabdes gu<!ns) Bull franc dc Dcrmat ctSyph,\ol 28 10 hfars 

1921, p 133 

(91) Clark, A Schuvtxr The Kromaycr I-ighl in the Treatment of Certain Disease' 

of the Skm Jm Cut Dis,vol 32, no 6 June 1914, p 426 


MtDiaNc n NO 4 



466 


ETHEL M LUCE CLAUSEN 


(54) Tanret, C Sur I’Ergosterme et la Fongist6rine Annales de Chemie et de Phys 

1908 8 sene, 15-313 

(55) Hess, A F , Weinstock, M , and Herman, F D The Anti-Rachitic Value of 

Irradiated Phytosterol and Cholesterol I Jn Biol Chem , vol 63, no 2 
March 1925, p 305 

(56) Hess, A F , and WEiNs;rocK, M The Anti-Rachitic Value of Irradiated Choles- 

terol and Phytosterol II Further Evidence of Change m Biological Ac- 
tivity Jn Biol Chem , vol 64, no 1 May 1925, p 181 

(57) Hess, A F , and Weinstock, M The Anti-Rachitic Value of Irradiated Cho- 

lesterol and Phytosterol HI Evidence of Chemical Change as Shown by 
Absorption Spectra Jn Biol Chem , vol 64, no 1 May 1925, p 193 

(58) Hess, A F , Weinstock, M , and Sherman, E The Anti-Rachitic Value of Ir- 

radiated Cholesterol and Phytosterol IV Factors Influencmg its Biological 
Activity Jn Biol Chem , vol 66, no 1 November 1925, p 145 

(59) Hess, A F , Weinstock, M , and Sherman, E The Anti-Rachitic Value of Ir- 

radiated Cholesterol and Phytosterol V Chemical and Biological Changes 
Jn Biol Chem , vol 67, no 2 February 1926, p 413 

(60) Hess, A F , Weinstock, M , and Sherman, E The Anti-Rachitic Value of 

Irradiated Cholesterol VI A Separation into an Active and an Inactive 
Fraction Jn Biol Chem , vol 70, no 1 September 1926, p 123 

(61) Hess, A F , and Windaus, A Contammatmg Substances as a Factor in the Ac- 

tivation of Cholesterol by Irradiation Proc Soc Exp Biol and Med , vol 
24 January 19, 1927, p 369 

(62) Hess, A F , and Windahs, A The Development of Marked Activity m Ergos- 

terol Followmg Ultra-Violet Irradiation Proc Soc Exp Biol and Med , 
vol 24 February 16, 1927, p 461 

(63) Steenbock, H , and Black, A Fat-Soluble Vitamins XXIII The Induction 

of Growth-Promoting and Calcifymg Properties in Fats, and Their Unsapom- 
fiable Constituents by Exposure to Light Jn Biol Chem , vol 64, no 2 
June 1925, p 263 

(64) Steenbock, H , Hart, E B , and Elvehjem Dietary Factors Affectmg Calcium 

Assimilation V The Effect of Light upon Calcium and Phosphorus Equihb- 
rium in Mature Lactating Animals Jn Biol Chem , vol 62, no 1 Novem- 
ber 1924, p 117 

(65) Steenbock, H , and Nelson, E M Fat-Soluble Vitammes XXTV The Non- 

Precipitabihty of the Antiophthalmic and Anti-Rachitic Properties from Cod 
Liver Oil by Digitonm Jn Biol Chem , vol 64, no 2 June 1925, p 299 

(66) Windaus, A Digitomn Method of Precipitating Cholesterol Ber chem Ges , 

vol 42 1909,238 

(67) Bills, C E The Resistance of the Anti-Rachitip Substance in Cod Diver Oil to 

Reagents Jn Biol Chem , vol 64, no 1 May 1925, p 1 

(68) Bills, C E Antincketic Substances II The Action of n-Butyl Nitnte on 

Activated Cholesterol and the Antincketic Vitamin Jn Biol Chem , vol 
66, no 2 December 1925, p 451 

(69) Bills, C E Antincketic Substances IH The Catalytic Formation of an 

Antincketic Cholesterol Denvative Jn Biol Chem , vol 67, no 3 March 
1926, p 753 




466 


ETHEL M. LUCE CLAUSEN 


(54) Tanket, C Sur I’Ergostenne et ia Fongist^nne Annales de Chemie et de Phys 

1908 8 sSrie, 15-313 

(55) Hess, A F , Weinstock, M , and Helman, F D The Anti-Rachitic Value of 

Irradiated Phytosterol and Cholesterol I Jn Biol Chem , vol 63, no 2 
March 1925, p 305 

(56) Hess, A F , and WEiNS;rocK, M The Anti-Rachitic Value of Irradiated Choles- 

terol and Phytosterol II Further Evidence of Change in Biological Ac- 
tivity Jn Biol Chem , vol 64, no 1 May 1925, p 181 

(57) Hess, A F , and Weinstock, M The Anti-Rachitic Value of Irradiated Cho- 

lesterol and Phytosterol III Evidence of Chemical Change as Shown by 
Absorption Spectra Jn Biol Chem , vol 64, no 1 May 1925, p 193 

(58) Hess, A F , Weinstock, M , and Sherman, E The Anti-Rachitic Value of Ir- 

radiated Cholesterol and Phytosterol IV Factors Influencing its Biological 
Activity Jn Biol Chem , vol 66, no 1 November 1925, p 145 

(59) Hess, A F , Weinstock, M , and Sherman, E The Anti-Rachitic Value of Ir- 

radiated Cholesterol and Phytosterol V Chemical and Biological Changes 
Jn Biol Chem , vol 67, no 2 February 1926, p 413 

(60) Hess, A F , Weinstock, M , and Sherman, E The Anti-Rachitic Value of 

Irradiated Cholesterol VI A Separation into an Active and an Inactive 
Fraction Jn Biol Chem , vol 70, no 1 September 1926, p 123 

(61) Hess, A F , and Windahs, A Contaminating Substances as a Factor in the Ac- 

tivation of Cholesterol by Irradiation Proc Soc Exp Biol and Med , vol 
24 January 19, 1927, p 369 

(62) Hess, A F , and Windahs, A The Development of Marked Activity in Ergos- 

terol Following Ultra-Violet Irradiation Proc Soc Exp Biol and Med , 
vol 24 February 16, 1927, p 461 

(63) Steenbock, H , and Black, A Fat-Soluble Vitamins XXIH The Induction 

of Growth-Promoting and Calcifpng Properties in Fats, and Their Unsapom- 
fiable Constituents by Exposure to Light Jn Biol Chem , vol 64, no 2 
June 1925, p 263 

(64) Steenbock, H , Hart, E B , and Elveiijem Dietary Factors Affecting Calaum 

Assimilation V The Effect of Light upon Calcium and Phosphorus Equilib- 
rium in Mature Lactating Animals Jn Biol Chem , vol 62, no 1 Novem- 
ber 1924, p 117 

(65) Steenbock, H , and Nelson, E M Fat-Soluble Vitanunes XXlV The Non- 

Precipitabihty of the Antiophthalmic and Anti-Rachitic Properties from Cod 
Liver Oil by Digitonm Jn Biol Chem , vol 64, no 2 June 1925, p 299 

(66) Windahs, A Digitomn Method of Precipitating Cholesterol Ber chem Ges , 

vol 42 1909, 238 

(67) Bills, C E The Resistance of the Anti-Rachitip Substance in Cod Diver Oil to 

Reagents Jn Biol Chem , vol 64, no 1 May 1925, p 1 

(68) Bills, C E Antincketic Substances II The Action of n-Butyl Nitnte on 

Activated Cholesterol and the Antincketic Vitamin Jn Biol Chem , vol 
66, no 2 December 1925, p 451 

(69) Bills, C E Antincketic Substances HI The Catalytic Formation of an 

Antincketic Cholesterol Denvative Jn Biol Chem , vol 67, no 3 March 
1926, p 753 



THERAPEUTIC VALUE OF RADUTION 


467 


(70) Bills, C E, and McDonald, T G Antincketic Substances IV The Pol>- 

menzation of Cholesterol Jn Biol Chem,vol 68, no 3 June 1926, p 821 

(71) Mayer, E Sunlight and Artifiaal Light Therapj in Tuberculosis A Critical 

Revievr Am Re\ Tuber, vol 5, no 2 April 1921, p 75 

(72) Rollier, A Heliotherapy Oxford University Press 1927 

(73) Gauvin, Sir H Organization and Work of a Light Department in a Hospital for 

Surgical Tuberculosis Lancet, ii July 4, 1925, p 10 

(74) LoGrasso, H , AND Balderra, F C Heliotherapy m the Treatment of Pulmo- 

nary Tuberculosis Am Rev Tuber, vol 10, no 2 October 1924, p 117 

(75) Mayer, E Controlling Factors m Photothenpy Am Rev Tuber, vol 6, 

no 8 October 1922, p 721 

(76) PoivERS, G r , Park, E A , SmpLEV, P G , McCollum, E V , and SiMmovds, N 

The Prevention of the Development of Rickets in Rats by Sunlight Studies 
on Experimental Rickets XIV Historical Light in the Cure of Rickets 
andTetan> J A M A,\ol 78, no 3 January 21, 1922, p 159 

(77) Fraser, J The Relative Prevalence of Human and Bovine Types of Tubercle 

Bacilli m Bone and Joint Tuberculosis Occurrmg in Children Jn Exp 
Med , vol 16, no 4 October 1, 1912, p 432 

(78) Fraser J An Experimental Study of Bone and Joint Tuberculosis Jn Exp 


Med , vol 17, no 3 March 1, 1913, p 362 

(79) Doan, C A , and Sabin, V R Local Progression with Spontaneous Regression 

of Tuberculosis m the Bone Marrow of Rabbits, Correlated with a Transitory 
Anemia and Leucopenia after Intravenous Inoculation Jn Exp Med , 
vol 46, no 2 August 1, 1927, p 315 

(80) Boivixs, R L Sunburn on the Alps Alpme Journal 1888 

(81) Bowles, R L On the Influence of Solar Rays on the Skin British Journal of 

Dermatologv , vol 5 August 1893, p 237 

(82) Finsen, N R Ueber die Bedeutimg der cheimschen Strahlen des Lichtes fdr 


Medizm und Biologie Leipzig, Verlag von F C W Vogel 1899 
(83) Finsel, N R Ueber die Anwendung von concentnrten chcmischen Lichtstrah- 
len in der Medizm Leipzig, Verlag von F C W Vogel 1899 
(M) Fi^sen, N R Phototherapy Edward Arnold, 37 Bedford St , Strand W C 
Trans from German by Sequeira 

^ Light Treatment m Mediane Radiology, vol 4 April 1925, p 288 
) EQtJEiRA, J H Two Cases Illustrating the Benefit of Light Baths m Tuberculous 
Disease of the Skm Proc Roy Soc Med Sect of Dermat , vol 16 Parts 
(S71 c; ^ January 18, 1923, p 63 

equeira, j H Carbon Arc Light Baths in Treatment of Lupus Vulgans Bnt 
m S ^ Syph , vol 35 March 1923, p 93 

EQUEm J H Seven Years Expenence of the Finsen Treatment Lancet, 
(S9)M ^ ^larch 7, 1908, p 713 

ac^d, J M H Light Its Action on the Skin and Therapeutic Value Prac- 

(90) P 

, *^^dement du lupus par la Fmsenthfirapie (avec presentation de 
franc de Dermat et S>'pb , vol 28 10 Mars 

lOl) C ^ 

of Lromayer Light in the Treatment of Certain Diseases 

the Skin Jn Cut Di 5 ,vo 1 32,no 6 June 1914, p 426 


VtOlOHt 


^0** T » NO 4 



468 


ETHEL M LHCE CLAUSEN 


(92) SiMPSOx, C A Treatment of Skin Diseases Southern M J,vol 11 October 

1918, p 669 

(93) Heiberg, K A , \nd With, C Lupus Treated with General Carbon Arc-Light 

Baths as the only Therapy A Chnical and Histological Investigation 
Brit Jn of Dermatology and Sj'philis Vol 34 March 1922, p 69 

(94) Wise, F Ultra-Violet Rays m Skin Diseases N Y Med Jn , vol 105 Febru- 

aiy3, 1917, p 196 

(95) With, C Studies on the Effect of Light on Vitiligo Brit Jn of Dermat , vol 

32 May 1920, p 145 

(96) Bryant, J Ultra-Violet Light, a Sj-mptomatic Cure for Eczema Boston Med 

and Surgical Jn , vol 179, no 12 September 19, 1918, p 394 

(97) Butler, J Ultra-Violet Ray Therapy in Dermatology Archives Dermat and 

Syphilology, vol 9, no 1 January 1924, p 51 

(98) Fox, H Treatment of Alopecia Areata with Quartz Lamps (Kromayer and 

Alpin) Report of 50 Cases Med Rec vol 98, no 22 November 27, 
1920, p 895 

(99) Shipley, P G , Park, E A , Powers, G F , McCollum, E V , and Simmonds. N 

II The Prevention of the Development of Rickets m Rats by Sunlight Proc 
Soc Exp Biol and Med , vol 19 October 19, 1921, p 43 

(100) Weinbren, M , AND Graham Hodgson, H K Tuberculosis Verrucosa Treated 

by Ultra-Violet Radiation Lancet, vol 2 July 24, 1926, p 174 

(101) Castle, W F The Ultra-Violet Rays m Dermatological Practice Brit Med 

Jn , vol 2 1925, p 1218 

(102) Dore, S W The Uses and Limitations of Ultra-Violet Radiation in Dermatology 

The Evolution of Actmotherapy Bnt Med Jn July-December August 
13, 1927, p 255 

(103) Garrison, F H History of Medicine 2d Edition, W B Saunders Co , p 149 

(104) Ahlswede, H E Red Light Treatment Archives of Dermatology and Syphi- 

logy, vol 8, no 4 October 1923, p 527 

(105) Casjle, W F Sensitization of the Skin to Sunhght Treatment by Peptone 

Injections Brit Jn of Dermatol , vol 37 June 1925, p 267 

(106) Le\\'is, S j The Ultra-Violet Absorption Spectra of Blood Sera Proc Roy 

Soc of London, Senes B, vol 89, November 1, 1916, p 327 

(107) Sonne, C Mode of Action of Universal Light Bath Acta Med Scandmav , 

vol 54 Februaiy 1921, p 336 

(108) Harris, F I , and Hoyt, H S The Possible Ongm of the Toxicity of Ultra-Violet 

Light Science, N Y and Lancaster, Pa , vol 46 1917, p 318 

(109) Lem is, T , and Zotterman, Y Vascular Reactions of the Skin to Injury Part 

VI Some Effects of Ultraviolet Light Heart, vol 13, no 2 and 3 Sep- 
tember 29, 1926, p 203 

(110) JuNGLiNG, O Vergleichende Untersuchungen uber die Wirkung des Sonnenhchtes 

und des Lichtes der Quecksilber — Quarzlampe (kunsthche Hohensonne) 

auf die Haut Strahlentherapie, vol 7 1916, p 413 

(111) Hausser, K W, and Vahle, W Die Abhangigkeit des Lichterythems und der 

Pigmentbildung von der Schmngungszalil (Wellenlange) der erregenden 
Strahlung Strahlentherapie, vol 13 1922, p 41 

(112) Bernhard, O Das photochemische Klima, im besonderen des Hochgebirgs, und 

seme Beziehunge zur Hehotherapie Strahlentherapie, vol 9 1919, p 520 



THERAPEUTIC VALUE OF RADIATION 


469 


(113) Pe'^cock, P R Quantitative Data in Tissue Reactions to Ultra-Violet Radia 

tions Lancet, vol ii August 22, 1925, p 369 

(114) Torraca, L L'lnfluenza dell'irradiazione solare in alta monUigna sul processo 

di guangione delle fcnta (Mountain Sunlight and Healing of V^ounds) 
Arch ital dichir Bologna, vol iii June 1921, p 441 

(115) Torraca, L L’azione di alcune sostanze fotodmamiche sul processo di guangione 

delle fente Policlimco in Roma, vol XXIX scz chir 1922, p 115 

(116) Torraca, L Pigmentation and Healing of Wounds Riforma ^led , vol 40 

May 26, 1924, p 484 

(117) Torraca, L Behavior of Blood Vessels in Wounds Exposed to Sunlight Arch 

Ital di Chir , vol 9 1924, p 19 

(118) Coburn, J W , and CowtES, D W YalcUmv Med Thesis 1925 

(119) Breiger Die Lichttherapie im Weltkncg Strahlentherapic 8-1918, p 656 

(120) Crile, G W The Use of Electric Light and Hypochlorous Aad m the Treat- 

ment of Wounds SurgerjjGyn and Obst , vol 23 October 1916, p 486 

(121) Ries, J Die Beeinflussung der Narbenbildung durch LtchtfiUer Wiener Klm- 

ische Wchnschr , \ ol 35 1922, p 702 

(122) Bloch, C E Clmical Investigation of Xerophthalmia and Dj’strophy m Infants 

and Young Children Jn Hvgienc,vol 19, no 3 January 1921, p 283 

(123) Bloch, C E Blindness and Other Diseases m Children Arising from De6cient 

Nutrition (Lack of Fat Soluble A Factor) Am Jn Dis Child , vol 27, 
no 2 February 1924, p 139 

(124) Bloch, C E Further Chmeal Investigations into the Diseases Ansmg in Conse- 

quence of a De6ciency in the Fat Soluble A Factor Am Jn Dis Cluld , 
vol 28, no 6 December 1924, p 659 

(125) Bloch, C E , and Faber, F I ight and the Anti Rachitic Factor Am Jn 

Dis Child , vol 30, no 4 October 1925, p 504 

(126) Bloch, C E Light and the A Body Am Jn Dis Child, vol 31, no 3 March 

1926, p 315 

(127) Luce, E M The Influence of Diet and Sunlight upon the Growth Promoting and 

Anti Rachitic Properties of the Milk Afforded by a Cow Biochcm Jn , 
vol 18, nos 3 and 4 1924, p 716 

(128) Luce, E M Further Observations on the Influence of Sunlight upon the Growth 

Promoting and Anti Rachitic Properties of Cow’s Milk Biochem Jn , vol 
18, no 6 1924, p 1279 

(129) Chick, H , and Roscoe, M H Influence of Diet and Sunlight upon the Amount 

of Vitamin A and Vitamin D in the Milk Afforded by a Cow Biochcm Jn 
vol 20, no 3 1926, p 632 

(130) Powers, G F , Park, E A , Simmonds, N The Influence of light and Darkness 

upon the Development ol Xerophthalmia in the Rat Proc Soc. Exp Biol 
and Med, vol 20 November 15, 1922, p 81 

(131) Coward, K H The Influence of Light and Heat on the Formation of \Ttamin A 

m Plant Ti'sues Jn Biol Chem,vol 72, no 2 April 1927, p 781 

(132) Lundscavrd, K K K TIic Genera! Arc Light Bath in Ophlhalmologj Hos- 

pitalsUdcnde — Copenhagen, vol 63 December 29, 1920, p 849 

(133) Nutt, A B The Result of Treatment by Artificial Light on Phlj*ctenular and 

Other Tuberculous Lesions of tlic Eje Bnt Jn Ophth,vol 10 March 
1926, p 138 



470 


ETHEL M LUCE CLAUSEN 


(134) Castresana,, a Phototherapy for the Eye Seiglo Medico, Madrid, vol 77 

June 5, 1926, p 509 Abs J A M A , vol 87, no 7 August 14, 1926 
p 531 

(135) Electrocution from Ultra-Violet Ray Lamp Brit Med Jn Januaiy 26, 1929, 

p 163 

(136) MacCoemac, H , and McCeea, H M Severe Dermatitis Following Ultra-Violet 

Light Brit Med Jn , Apnl 11, 1925, p 693 

(137) Dixon, W E The Effects of Irradiated Ergosterol in Large Doses Bnt Med 

Jn November 10, 1928, p 832 

(138) Padua, R G Cystohthiasis Among Fihpmos in Association with Dietetic 

Deficiency Philippme Jn of Saence , vol 14 May 1919, p 481 

(139) Heald, C B The Present Position of Ultra-Violet Light Therapy Brit. Med 

Jn January 19, 1929, p 94 

(140) Dixon, W E Ultra Violet Rays and the General Pubhc Bnt Med Jn , Octo- 

ber 13, 1928, p 642 

(141) Mddie, E C Bnt Med Jn December 1, 1928, p 1011 

(142) Heald, C B Ultra Violet Light and the Pubhc Bnt Med Jn October 13, 

1928, p 644 

(143) Drury, K K Ultra Violet Radiation m Mental Hospital Practice A Prelimi- 

nary Survey Jn Mental Science, vol 73 April 1927, p 200 

(144) Report of the Council on Physical Therapy on the Sale of Ultra Violet Generators 

Directly to the Pubhc J A M A , vol 88, no 4, January 22, 1927, p 245 

(145) Report on the Present State of Knowledge of Accessory Food Factors (Vitamms) 

Medical Research Council Special Report Series no 38 revised 

(146) Baeenberg, L H , and Lewis, J M Effect of Carbon Arc Radiation on the 

Health of a Group of Infants J A M A , vol 90, no 7 February 18, 1928, 
p 504 

(147) Hill, C McD , and Clark, J H The Effect of Ultraviolet Radiation on Resist- 

ance to Infection Am Jn of Hygiene , vol 7, no 4 July 1927, p 448 
(147a) CoBLENTz, W W Summary data on the transmissibihty of ultra-violet radia- 
tion through glasses and glass substitutes used for therapeutic purposes 
Trans of the 24th Annual Meeting of the National Tuberculosis Association 
1928, p 71 

(148) Clark, J H The probable amount of ultra-violet radiation obtained mdoors 

through ultra-violet transmitting glass Science, vol 68, no 1755 August 
17, 1928, p 165 

(149) Hottinger, a Untersuchungen uber bestrahltes Ergosterin Zeit fur Kinder- 

heilkimde, yol 44 October 1927, p 282 

(150) Beumer, H Uber Veranderungen des Cholesterms bei Ultraviolettbestrahlung 

Khnische Wochenschnft, Nr 42 S 1962 15 Oktober 1926 

Beumer, H , and Falkenheim, C Khnische Wochenschnft Nr 17, S 798 23 

April 1927 

(151) Gyorgy, P Therapeutische Versuche mit Bestrahltem Ergosterm Kim 

Wchnschr , Nr 13, no 580 26 Marz 1927 

(152) Hess, A F , Lewis, J M , and RtvkiN, H Clmical Experience with Irradiated 

Ergosterol J A M A , vol 91, no 11 September 15, 1928, p 783 

(153) Harris, L J, and Moore, T “Hypervitaminosis” and “Vitamin Balance” 

Lancet, Vol n October 27, 1928, p 892 



THERAPEUTIC VALUE OF RADUTION 


471 


(154) H\Rjas,L JjAnoT^IoorEjT “Hypervitammosis" and “V^itamm Balance ” Bio 

chem Jn , vol 22 1928, p 1461 

(155) Harris, L J , \nd Stew vrt, C P The Effect of E'cccasive Doses of Irradiate 1 

Ergosterol on the Calaum and Phosphorus Content of the Blood Biochera 
Jn.aol 23, no 2 1929, p 206 

(156) Kreituair, H , avd Moll, T Hypcrvitammose durch grossen Dosen Vitamin 

D Munchn med Wochnshhr, \ol 75 April 13, 1928, p 637 

(157) Kreihiair, H , avd Htntzelmank, U Dber sUeroti'sche Organverandeningen, 

insonderhcit dcr Artenen, Vcrsuchc mit akhviertem Ergosterin Arch 
fUrexp Path u Pharm,\ol 137 No\ ember 1928, p 203 

(158) Broiw, W H Influence of Light Environment on the Growth and Nutrition of 

Normal Rabbits with Espeaal Reference to the Action of Neon Light Jn 
Exp Med, vol 48, no 1 Julyl, 1928, p 31 

(159) Brown, W H Influence of Light Environment on the Growth of Hair m Nor 

mal Rabbits with Espeaal Reference to the Action of Neon Light Jn 
Exp Med, vol 48, no 1 Julyl, 1928, p 57 

(160) Brown, "NV H Influence of Light Environment on the Organic Constitution of 

Normal Rabbits with Espeaal Reference to the Action of Neon Light Jn 
Exp Med, vol 48, no 4 October 1, 1928, p 567 

(161) Luce Clausen, E M Effect of Infra red Radiation on GrowUi of Rachitic Rat 

Proc Soc Exp Bio! and Med , vol 26 1928, p 77 

(162) Hess, A E The Antirachitic Activation of Pood* and of Cholesterol b>' Ultra 

violet Irradiation J A M A,vol 84, no 25 June 20, 1925, p 1910 

(163) Soo\, J W , AND Moise, T S Treatment of Idiopathic Purpura Hemorrhagica 

by Exposure to Mercury Vapor Quartz Lamp J A M A, vol 87, no 2 
July 10, 1926, p 94 

(164) ToLStoi, E Purpura Hemorrhagica (Essential Thrombocytopenia) Treatment 

by the Mercury Vapor Lamp J A hi A , vol 89, no 5 Jul> 30,1927, p 
370 

(165) Gauvafs, Sir H Light Treatment m Sui^ical Tuberculosis Lancet i, 1927, p 

754 

(166) Sheets, O , and Funk, C The Effect of Ultra Violet Raj’s on Rats Deprived of 

Vitamin A in Their Diet Proc Soc Exp Biol and Med, vol 20 1922- 

23, p 80 

(167) La\e, G C Newer Phjsiologj of the Skin v\ath Spcaal RcRrcncc to the Action 

of Ultra Violet Li^ht Arch Dcnn and Sjph, vol 9, no 2 February, 
1924, p 176 ^ 



